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LIQUID CHANNEL DEVICE AND
PRODUCTION METHOD THEREFOR

FIELD OF THE INVENTION

The present invention relates to a liquid channel device in
the form of a flat plate, which is optimally employed in the
detection and analysis of blood antigens for example, and
further relates to a production method therefore.

BACKGROUND OF THE INVENTION

Recently, detection and analysis of trace components in
liquid samples is frequently carried out in the medical and
environmental fields. In this case, a liquid channel device,
referred to as a microchip, in which channels are formed in a
base plate, is often employed in the medical field, for
example.

For example, Patent Document No. 1 discloses a technique
in which an antibody-containing reagent and blood are mixed
in the liquid channel formed in the microchip and allowed to
react. Each microchip is then set in a detection device where
the antigen-antibody reaction is detected. Further, Patent
Document No. 2 discloses a disk-type liquid channel device
in which multiple channels are formed in the radial direction
in a rotatable disk and antibodies are adhered in advance to a
portion of the channels. By subsequently allowing the bodily
fluid to flow through the channels, the antigens in the liquid
can be captured through the antibody-antigen reaction.

PRIOR ART REFERENCES
Patent Documents

[Patent Document No. 1] Japanese Unexamined Patent
Application, First Publication No. 2007-139500

[Patent Document No. 2] Japanese Unexamined Patent
Application, First Publication No. Hei 05-005741

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention

However, the liquid channel device disclosed in Patent
Reference Document No. 1 requires a separate micropump in
order to cause the sample or reagent to flow through the
channel. The liquid device disclosed in Patent Document No.
2 requires a device for rotating the disk.

Further, in a conventional liquid channel device of this
type, it is impossible to close and open the liquid channels.
This is inconvenient when detecting and analyzing a target
component.

In addition, in this type of conventional liquid channel
device, it is impossible to open a portion of the liquid channel
from the closed mode, close a portion of the liquid channel
from the open mode, or to close or open a portion of the liquid
channel. This is inconvenient with respect to the detection and
analysis of a target component.

It is the object of the present invention to provide a liquid
channel device at low cost which is capable of easily opening
the liquid channel from the closed mode without requiring a
separate device for inducing flow of the liquid, i.e., a liquid
channel device which is capable of causing a liquid to flow
easily and smoothly in the channel.

It is the further object of the present invention to provide a
liquid channel device at low cost which is capable of easily
opening the liquid channel from the closed mode, closing the
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2

liquid channel from the open mode, and changing the liquid
channel from the open to the closed mode and from the closed
to the open mode.

Means for Solving the Problem

The liquid channel device according to the present inven-
tion is a liquid channel device including a base plate having a
liquid channel through which a liquid containing at least one
of a sample and a reagent, flows, and one or more liquid
chambers for holding the liquid, are formed to at least one side
thereof, and a cover plate which is laminated onto a channel
formation surface of the base plate where the liquid channel
and the liquid chambers are formed,

wherein at least one of the liquid chambers has a liquid
transport section for transporting the liquid from the inside to
the outside of the liquid chamber, and

the liquid transport section is operated by external pressing
ona floor of the liquid chamber or to the cover plate in the area
corresponding to the liquid chamber.

Inthe liquid channel device according to the present inven-
tion, it is preferable that the liquid channel device further
include an opening section which opens a portion of the liquid
channel from a closed mode and a closing section which
closes a portion of the liquid channel from an open mode;

the cover plate have a first base layer which forms the
surface of the cover plate, a strongly adhered layer which is
formed to the inside of the first base layer, a second base layer
which is formed to the inside of the strongly adhered layer,
and a weakly adhered layer which is formed to the inside of
the second base layer and is adhered to the channel formation
surface;

in the opening section, a first convex section be formed to
the liquid channel, the top part of the first convex section and
the weakly adhered layer be adhered, and the strongly
adhered layer and the second base layer be separated;

inthe closing section, a second convex section be formed to
the liquid channel, the top part of the second convex section
and the weakly adhered layer be separated, and a spacer be
interposed between the strongly adhered layer and the second
base layer, and the spacer and the strongly adhered layer be
adhered together;

in the liquid transport section, a spacer be interposed
between the strongly adhered layer and the second base layer,
and the spacer and the strongly adhered layer be adhered.

Inthe liquid channel device according to the present inven-
tion, it is preferable that the base plate include an outer layer,
a middle layer which is laminated to the inside of the outer
layer, and an inner layer which is laminated to the inside of the
middle layer;

atop part of the liquid chamber, the liquid channel, the first
convex section, and the second convex section be formed to
the inner layer; and

a bottom part of the liquid chamber be formed to the middle
layer.

Inthe liquid channel device according to the present inven-
tion, it is preferable that the base plate include an outer layer,
and an inner layer which is laminated to the inside of the outer
layer; and

the liquid chamber, the liquid channel, the first convex
section, and the second convex section be formed to the inner
layer.

Inthe liquid channel device according to the present inven-
tion, it is also preferable that a reverse flow check for prevent-
ing reverse flow of the liquid transported by the liquid trans-
port section be provided to the liquid chambers that are
provided with a liquid transport section.
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Further, in this case, it is preferable that the reverse flow
check be formed to the inner layer.

When the liquid transport section is operated by external
pressing on the floor of the liquid chambers, it is preferable
that the floor be formed expanding outward.

The liquid channel device according to the present inven-
tion is a liquid channel device including a base plate in which
a liquid channel, through which a liquid containing at least
one of a sample and a reagent flows, is formed to at least one
side thereof, and a cover plate which is laminated to a channel
formation surface of the base plate where the liquid channel is
formed,

wherein the liquid channel device further includes an open-
ing section for opening a portion of the liquid channel from a
closed mode;

the cover plate includes a first base layer forming a surface
of the cover plate, a strongly adhered layer formed to the
inside of the first base layer, a second base layer formed to the
inside of the strongly adhered layer, and a weakly adhered
layer which is formed to the inside of the second base layer
and is adhered to the channel formation surface; and

in the opening section, a first convex section is formed to
the liquid channel, a top part of the first convex section and the
weakly adhered layer are adhered, and the strongly adhered
layer and the second base layer are separated.

In the liquid channel device according to the present inven-
tion, it is preferable that the liquid channel device further
includes a closing section for closing a portion of the liquid
channel from an open mode, and

in the closing section, a second convex section is formed to
the liquid channel, a top part of the second convex section and
the weakly adhered layer be separated, a spacer be interposed
between the strongly adhered layer and the second base mem-
ber, and the spacer and the strongly adhered layer be adhered.

In the liquid channel device according to the present inven-
tion, it is also preferable that the liquid channel device further
include a metering chamber for quantifying a specific volume
of the liquid provided to the liquid channel, and

the closing section is provided upstream with respect to the
metering chamber, and the opening section is provided down-
stream with respect to the metering chamber.

In the liquid channel device according to the present inven-
tion, it is also preferable that the metering chamber include an
overflow section for allowing overflow of the liquid in excess
of the specific volume.

The liquid channel device according to the present inven-
tion is a liquid channel device including a base plate in which
aliquid channel through which a liquid flows and one or more
liquid chambers for holding the liquid are formed to at least
one surface thereof, and a cover plate which is laminated to a
channel formation surface in which the liquid channel and the
liquid chambers of the base plate are formed,

wherein the liquid channel device further includes an open-
ing section for opening a portion of the liquid channel from a
closed mode,

the opening section includes a stopper which is disposed to
a portion of the liquid channel, and which undergoes plastic
deformation by means of external pressing on the cover plate
or the floor of the liquid channel, thereby opening the liquid
channel.

In the liquid channel device according to the present inven-
tion, it is preferable that the cover plate or the floor of the
liquid channel that is in contact with the stopper be subjected
to a releasing treatment.

The production method for the liquid channel device
according to the present invention is a production method
including:
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4

a first step of forming the liquid chambers and the liquid
channel to the base plate,

a second step of forming the stopper to a portion of the
liquid channel, and

a third step of laminating the cover plate to the channel
formation surface of the base plate,

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet which forms the inner
layer of the base plate, and after a bottom part of the liquid
chambers is formed to a sheet which forms the middle layer of
the base plate, the sheet forming the inner layer, the sheet
forming the middle layer, and a sheet forming the outer layer
of the base plate are laminated sequentially.

Inthe production method, it is preferable that, in the second
step, the stopper be formed by coating a stopper forming
material for forming the stopper to a portion of the liquid
channel.

The liquid channel device according to the present inven-
tion is a liquid channel device including a base plate in which
aliquid channel through which a liquid flows and one or more
liquid chambers for holding the liquid that are formed to at
least one surface thereof, and a cover plate which is laminated
to a channel formation surface of the base plate in which the
liquid channel and the liquid chambers are formed,

wherein the liquid channel device further includes a clos-
ing section for closing a portion of the liquid channel from the
open mode;

the closing section includes a sealing material supply
chamber which is formed branching from a portion of the
liquid channel,

a sealing material which fills the sealing material supply
chamber and is extruded out into part of the liquid channel by
external pressing on a floor of the sealing material supply
chamber or on the cover plate in an area corresponding to the
sealing material supply chamber, thereby closing the liquid
channel.

The production method for the liquid channel device
according to the present invention is a production method
including:

afirst step in which the liquid channel, the liquid chambers,
and the sealing material supply chamber are formed to the
base plate;

a second step in which the sealing material supply chamber
is filled with the sealing material;

a third step in which the cover plate is laminated to the
channel formation surface of the base plate; and

in the first step, a top part of the liquid chambers, the liquid
channel, and the sealing material supply chamber are formed
to a sheet which forms an inner layer of the base plate, and a
bottom part of the liquid chambers is formed to a sheet which
forms a middle layer of the base plate, then the sheet forming
the inner layer, the sheet forming the middle layer and a sheet
forming an outer layer of the base plate are laminated sequen-
tially.

Inthe production method, it is preferable that, in the second
step, the sealing material is filled by coating the sealing mate-
rial to the sealing material supply chamber.

The liquid channel device according to the present inven-
tion is a liquid channel device including a base plate in which
aliquid channel through which a liquid flows and one or more
liquid chambers for holding the liquid are formed to at least
one surface thereof, and a cover plate which is laminated to a
channel formation surface of the base plate where the liquid
channel and the liquid chambers are formed,

wherein the liquid channel device further includes an open-
ing section for opening a portion of the liquid channel from a
closed mode;
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the opening section is equipped with a stopper which is
disposed to a portion of the liquid channel, and a concave
section capable of housing the stopper at a position on an
inner surface of the cover plate or a floor of the liquid channel
that is opposite the stopper; and

the stopper is moved from the portion of the liquid channel
to within the concave section by external pressing on the
cover plate or the floor, thereby opening the liquid channel.

The production method for a liquid channel device accord-
ing to the present invention is a production method for the
liquid channel device in which the concave section is formed
to an inner surface of the cover plate, wherein the production
method includes:

a first step of forming the liquid channel and the liquid
chambers to the base plate, and forming the concave section
to the cover plate;

a second step of forming the stopper to a portion of the
liquid channel; and

a third step of laminating the cover plate to the channel
formation surface of the base plate,

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet that forms an inner layer
of'the base plate, and a bottom part of the liquid chambers is
formed to a sheet that forms a middle layer of the base plate,
then the sheet forming the inner layer, the sheet forming the
middle layer and a sheet forming an outer layer of the base
plate are laminated sequentially, thereby forming the liquid
channel and the liquid chambers to the base plate, and the
concave section is formed to the sheet that forms the inner
layer of the cover plate, after that, the sheet that forms the
inner layer ofthe cover plate and the sheet that forms the outer
layer of the cover plate are laminated to form the concave
section in the cover plate.

The production method for a liquid channel device accord-
ing to the present invention is a production method for the
liquid channel device in which the concave section is formed
to the floor of the liquid channel,

wherein the production method includes:

a first step of forming the liquid channel, the liquid cham-
bers, and the concave section to the base plate,

a second step of forming the stopper to a position opposite
the concave section on the inner surface of the cover plate, and

a third step of laminating the cover plate to the channel
formation surface of the base plate,

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet that forms an inner layer
of the base plate, the middle part of the liquid chambers and
the concave section are formed to a sheet that forms an inside
middle layer of the base plate, and the bottom part of the
liquid chambers are formed to a sheet that forms an outside
middle layer of the base plate, after which the sheet forming
the inner layer of the base plate, the sheet forming the inside
middle layer, the sheet forming the outside middle layer, and
the sheet forming an outer layer of the base plate are lami-
nated sequentially.

Further, the liquid channel device according to the present
invention is a liquid channel device including a base plate in
which a liquid channel through which a liquid flows and one
or more liquid chambers for holding the liquid are formed to
at least one surface thereof, and a cover plate which is lami-
nated to a channel formation surface of the base plate in which
the liquid channel and the liquid chambers are formed,

wherein the liquid channel device further includes a clos-
ing section for closing a portion of the liquid channel from an
open mode;

the closing section includes a stopper which is housed
within a concave section formed to an inner surface of the
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6

cover plate or a floor of the liquid channel, the stopper moves
from within the concave section to a portion of the liquid
channel due to external pressing on the cover plate or the
floor, thereby closing the liquid channel.

The production method for a liquid channel device accord-
ing to the present invention is a production method for the
liquid channel device in which the concave section is formed
to the inner surface of the cover plate, including:

a first step of forming the liquid channel and liquid cham-
bers to the base plate, and forming the concave section to the
cover plate;

a second step of forming the stopper within the concave
section; and

a third step of laminating the cover plate to the channel
formation surface of the base plate;

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet that forms the inner layer
of'the base plate, and a bottom part of the liquid chambers is
formed to a sheet that forms the middle layer of the base plate,
after which the sheet forming the inner layer of the base plate,
the sheet forming the middle layer of the base plate and a
sheet forming the outer layer of the base plate are laminated
sequentially, to form the liquid channel and the liquid cham-
bers to the base plate, and a concave section is formed to the
sheet forming the inner layer of the cover plate, after which
the sheet forming the inner layer of the cover plate and the
sheet forming the outer layer of the cover plate are laminated
to form the concave section in the cover plate.

The production method for a liquid channel device accord-
ing to the present invention is a production method for the
liquid channel device in which the concave section is formed
to the floor of the liquid channel, including:

a first step of forming the liquid channel, liquid chambers
and the concave section to the base plate;

a second step of forming the stopper within the concave
section; and

a third step of laminating the cover plate to the channel
formation surface of the base plate;

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet that forms the inner layer
of'the base plate, a middle part of the liquid chambers and the
concave section are formed to a sheet that forms the inside
middle layer of the base plate, and a bottom part of the liquid
chambers is formed to a sheet that forms the outside middle
layer of the base plate, after which the sheet forming the inner
layer of the base plate, the sheet forming the inside middle
layer, the sheet forming the outside middle layer, and a sheet
forming the outer layer of the base plate are laminated
sequentially.

Inthe production method, it is preferable that, in the second
step, the stopper is formed by coating the stopper forming
material for forming the stopper.

Effects of the Invention

The present invention enables the provision of a low cost
liquid channel device in which the liquid channel can be
easily opened from the closed mode, i.e., which is capable of
causing a liquid to flow in the channel easily and smoothly,
without requiring a separate device for causing flow of the
liquid.

Further, the present invention provides a liquid channel
device at low cost which is capable of easily opening the
liquid channel from the closed mode, closing the liquid chan-



US 9,283,561 B2

7

nel from the open mode, or changing the liquid channel from
the open to the closed and from the closed to the open modes.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic planar perspective view showing the
liquid channel device according to a first embodiment.

FIG. 2 is a planar perspective view in which a portion of the
liquid channel device in FIG. 1 is enlarged.

FIG. 3 is a cross-sectional view along the line I-I' in FIG. 2.

FIG. 4A is an explanatory figure for explaining the condi-
tion in the open channel portion operates in the liquid channel
device of FIG. 1.

FIG. 4B is an explanatory figure for explaining the condi-
tion when the open channel portion operates in the liquid
channel device of FIG. 1.

FIG. 5A is an explanatory figure for explaining the condi-
tion when the closing part operates in the liquid channel
device of FIG. 1.

FIG. 5B is an explanatory figure for explaining the condi-
tion when the closing part operates in the liquid channel
device of FIG. 1.

FIG. 6A is an explanatory figure for explaining the condi-
tion when the liquid sending portion operates in the liquid
channel device of FIG. 1.

FIG. 6B is an explanatory figure for explaining the condi-
tion when the liquid sending portion operates in the liquid
channel device of FIG. 1.

FIG. 7 is a perspective view in which a portion of the base
plate of the liquid channel device in FIG. 1 is enlarged.

FIG. 8 is a schematic planar perspective view showing a
second embodiment of the liquid channel device according to
the present invention.

FIG. 9 is a schematic explanatory view for explaining an
example of the method of use for the liquid channel device in
FIG. 8.

FIG. 10A is an explanatory figure for explaining the con-
dition when the liquid sending part is operating in the liquid
channel device according to the third embodiment.

FIG. 10B is an explanatory figure for explaining the con-
dition when the liquid sending part is operating in the liquid
channel device according to the third embodiment.

FIG. 11 is a perspective view in which a portion of the base
plate of the liquid channel device in FIG. 10A, 10B is
enlarged.

FIG. 12 is a schematic view showing the production pro-
cess of the base plate of the liquid channel device in FIGS.
10A and 10B.

FIG. 13 is a cross-sectional view showing another embodi-
ment of the base plate of the liquid channel device according
to the third embodiment.

FIG. 14 is a schematic planar perspective view showing the
liquid channel device according to a fourth embodiment of
the present invention.

FIG. 15 is a planar perspective view showing an expanded
view of a portion of the liquid channel device in FIG. 14.

FIG. 16 is a cross-sectional view along the line I-I' in FIG.
15.

FIG. 17A is a view for explaining the condition when the
opening part operates in the liquid channel device in F1G. 14,
and is a cross-sectional view showing the state when a weight
is applied to the stopper.

FIG. 17B is a view for explaining the condition when the
opening part operates in the liquid channel device in F1G. 14,
and is a cross-sectional view showing the state when a weight
is removed.
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FIG. 18 is a cross-sectional view along the line II-1I'in FIG.
15.

FIG. 19A is a view for explaining the condition when the
closing part operates in the liquid channel device in FIG. 14,
and is a cross-sectional view showing the state when the
sealing material is pressed out.

FIG. 19B is a view for explaining the condition when the
closing part operates in the liquid channel device in FIG. 14,
and is a planar view.

FIG. 20 is a process figure for schematically explaining the
production process for the liquid channel device in FIG. 14.

FIG. 21 is a schematic planar perspective view showing the
liquid channel device according to the fifth embodiment.

FIG. 22 is a planar perspective view in which a portion of
the liquid channel device in FIG. 21 is enlarged.

FIG. 23 is a cross-sectional view along the line II-II'in FIG.
22.

FIG. 24A is an enlarged cross-sectional view of the open-
ing part in FIG. 23.

FIG. 24B is an enlarged cross-sectional view of the closing
part in FIG. 23.

FIG. 25A is a view for explaining the condition when the
opening portion operates in the liquid channel device in FIG.
21, and is a cross-sectional view showing the condition when
a weight is applied by pressing the cover plate from the
outside.

FIG. 25B is a view for explaining the condition when the
opening part operates in the liquid channel device in FIG. 21,
and is a cross-sectional view showing the state when a weight
is removed.

FIG. 26A is a view for explaining the condition when the
closing portion operates in the liquid channel device in FIG.
21, and is a cross-sectional view showing the condition when
a weight is applied by pressing the cover plate from the
outside.

FIG. 26B is a view for explaining the condition when the
closing part operates in the liquid channel device in FIG. 21,
and is a cross-sectional view showing the state when a weight
is removed.

FIG. 27 is a process figure for schematically explaining the
production process for the liquid channel device in FIG. 21.

FIG. 28 is a cross-sectional view showing an arrangement
in which stopper rests are provided in the liquid channel
device in FIG. 21.

FIG. 29 is a planar view schematically showing an example
in which the shape of the stopper in planar perspective is
rhombohedral in shape.

FIG. 30 is a cross-sectional view showing a portion of the
liquid channel device according to the sixth embodiment.

FIG. 31A is an enlarged cross-sectional view of the open
part in FIG. 30.

FIG. 31B is an enlarged cross-sectional view of the closed
part in FIG. 30.

FIG. 32A is a view for explaining the condition when the
opening portion operates in the liquid channel device in FIG.
30, and is a cross-sectional view showing the condition when
a weight is applied by pressing the cover plate from the
outside.

FIG. 32B is a view for explaining the condition when the
opening part operates in the liquid channel device in F1G. 30,
and is a cross-sectional view showing the state when a weight
is removed.

FIG. 33A is a view for explaining the condition when the
closing portion operates in the liquid channel device in FIG.
30, and is a cross-sectional view showing the condition when
a weight is applied by pressing the cover plate from the
outside.
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FIG. 33B is a view for explaining the condition when the
closing part operates in the liquid channel device in FIG. 30,
and is a cross-sectional view showing the state when a weight
is removed.

FIG. 34 is a process figure for schematically explaining the
production method for the liquid channel device in FIG. 30.

BEST MODE FOR CARRYING OUT THE
INVENTION

The present invention will now be explained in detail.

First Embodiment

FIG. 1 is a planar perspective view schematically showing
a liquid channel device 10A according to a first embodiment
of'the present invention. FIG. 2 is a planar perspective view in
which a part of the liquid channel device 10A in FIG. 1 is
enlarged. FIG. 3 is a cross-sectional view along the line I-I' in
FIG. 2.

In this liquid channel device 10A, a groove-like liquid
channel 12 through which a liquid, which contains at least one
of'a sample and a reagent, flows, and a plurality (nine in this
embodiment) of liquid chambers 14a~14i for storing the lig-
uid at the ends of or along the liquid channel 12, are formed to
one side of a flat square base plate 11 A. Further, a cover plate
13 is laminated onto a channel formation surface 12a on the
side of the base plate 11 A where the liquid channel 12 and the
liquid chambers 14a~14i are formed.

In the liquid channel device 10A according to this embodi-
ment, by merely directing the top part in FIG. 1 upward and
the bottom part in FIG. 1 downward, the sample flows under
the force of gravity from the upstream to the downstream end
of'the liquid channel 12 in the direction of arrow F. Along the
way, various procedures and mixing with reagents occur to
the sample, thereby formulating a measured liquid which is
supplied to various detection and analyses. However, as will
be explained in detail below, a smooth and easy flow of the
liquid is obtained in this embodiment by incorporating the use
of liquid transport sections at the liquid chambers.

A sample introduction chamber 14a, which holds the intro-
duced sample, is provided to the upstream end of the liquid
channel 12. A filtering chamber 145 housing a filter, which is
not shown in figures, and filters the sample which has flowed
from the sample introduction chamber 14a, is provided
downstream from the sample introduction chamber 14a. A
metering chamber 14¢, which is formed so that its internal
capacity has a specific volume and which can quantify the
filtered sample, is provided downstream from the filtering
chamber 145.

An overflow section, which includes an overflow path 126
and a waste solution chamber 144 provided downstream from
the overflow path 125, is provided to the metering chamber
14c¢ in this embodiment. For this reason, sample in excess of
a specified quantity overflows at the metering chamber 14c¢,
flows through the overflow path 1254, and flows into the waste
solution chamber 14d. As a result, a specific quantity of the
sample can be quantified at the metering chamber 14c¢.

A first mixing chamber 14f'is provided downstream from
the metering chamber 14¢ for mixing the sample which was
quantified in the metering chamber 14¢ and a liquid first
reagent, a specific quantity of which was sealed in advance in
the first reagent chamber 14e. A second mixing chamber 14/
is provided downstream from the first mixing chamber 14ffor
mixing the intermediate solution formulated in first mixing
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chamber 14f'and a liquid second reagent, a specific quantity
of which was sealed in advance in the second reagent cham-
ber 14g.

A measuring chamber 14i is provided downstream from
the second mixing chamber 14/. A measured liquid formu-
lated in the second mixing chamber 14/ is stored in the
measuring chamber 14i. The detection and analysis of various
components are carried out by a detecting and analyzing
section not shown in the figures.

Note that in this embodiment, a mixing tank 144 is pro-
vided downstream from the measuring chamber 147, the mix-
ing tank 144 communicating with the measuring chamber 14/
via the liquid channel 12. As will be explained in detail below,
once the measured liquid inside the measuring chamber 14 is
sent to the mixing tank 14d, by repeating as needed the
mixing operation, in which the liquid is sent back into the
measuring chamber 14/, the measured liquid can be suffi-
ciently stirred and mixed, so that it is in a more suitable
condition for detection and analysis.

Communicating holes, not shown in the figures, which are
capable of opening and closing and which communicate with
the outside environment, are provided to each of the liquid
chambers.

As shown in FIG. 3, the cover plate 13 of the liquid channel
device 10A includes a first base layer 134 which forms the
front surface of the cover plate 13; a strongly adhered layer
135 which is formed on the inner side of the first base layer
13a; a second base layer 13¢ which is formed on the inner side
of'the strongly adhered layer 135; and a weakly adhered layer
134 which is formed on the inner side of second base layer
13¢ and which is adhered to a channel formation surface 124.

The first base layer 13a is made of a material that will bend
when a vertically directed (i.e., in the direction which inter-
sects vertically with the first base layer 13) load is applied on
its front surface side, and which has restorative force that will
return to its original state once the load is removed. In con-
trast, the second base layer 13¢ is made of a material which
easily bends when the same load is subjected, but does not
return to its original state even when the load is removed, i.e.,
a material which readily undergoes plastic deformation. Fur-
ther, the adhesive strength of the strongly adhered layer 135 is
formed to be greater than that of the weakly adhered layer
13d.

This liquid channel device 10A includes opening sections
S1~S7, for changing a part of the liquid channel 12 from the
closed state to the open state, and a closing section T1 for
changing a part of the liquid channel 12 from the open state to
the closed state.

In this embodiment, one of the opening sections S1~S7 is
disposed along the various liquid channels 12 between the
sample introduction chamber 144 and the filtering chamber
14b; between the filtering chamber 145 and the metering
chamber 14¢; between the metering chamber 14¢ and the first
mixing chamber 14f; between the first mixing chamber 14/
and the second mixing chamber 14/; between the first reagent
chamber 14e¢ and the first mixing chamber 14f; between the
second reagent chamber 14g and the second mixing chamber
14/; and the second mixing chamber 14/ and the measuring
chamber 14i.

The closing section T1 is provided farther downstream
than the opening section S2 on the liquid channel 12 that is
between the filtering chamber 146 and the metering chamber
14c.

S1 and S2 in FIG. 3 will now be used as examples for
explaining the various opening sections S1~S7. A first convex
section 15 is formed to the liquid channel 12. The top part 15a
of the first convex section 15 and the weakly adhered layer
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13d are adhered together, and the strongly adhered layer 135
and the second base layer 13¢ are separated from one another.

Thus, the liquid channel 12 at the various opening sections
S1~S7 is closed off by the first convex section 15 and the
weakly adhered layer 134 which is adhered to the top part 154
of the first convex section 15, and is typically in the closed
state. However, as shown by the example of opening section
S1 in FIGS. 4A and 4B, when the first base layer 13 at the
opening section S1 is pressed from the front surface in the
direction of arrow A, so that a vertically directed load is
applied to the first base layer 13a, then, as shown in FIG. 4A,
the first base layer 13a bends and the strongly adhered layer
135 on the inside of the first base layer 13a adheres to the
second base layer 13¢. When the load is subsequently
removed, then, as shown in FIG. 4B, the first base layer 13a is
restored to its original state due to its restorative force. At this
time, the strongly adhered layer 135 which is adhered to the
inside of the first base layer 134, the second base layer 13¢
which is adhered to the strongly adhered layer 135 and is
easily elastically deformable, and the weakly adhered layer
134 which is adhered to the inside of the second base layer
13¢, are lifted up accompanying the restoration of the first
base layer 13a. As a result, the space between the top part 15a
of the first convex section 15 and the weakly adhered layer
13d separates for the first time, so that liquid can flow
through.

In the thus-designed opening sections S1~S7, a vertically
directed load is applied by pressing the cover plate 13 from
the front surface. Subsequently, a pressing operation to
remove the load is performed, so that space separates between
the top part 15a of the first convex section 15 and the weakly
adhered layer 13d which were originally adhered together. As
a result, the liquid channel 12 in this area opens from the
closed mode.

A second convex section 16 is formed in the liquid channel
12 at the closing section T1, as shown in FIG. 3. The top part
164 of this second convex section 16 and the weakly adhered
layer 134 are separated from one another, and a spacer 17 is
interposed between the strongly adhered layer 136 and the
second base layer 13¢. The spacer 17 and the strongly adhered
layer 135 are adhered.

Thus, in the liquid channel 12 at the closing section T1, the
channel is maintained by the separation of space between the
top part 16a of the second convex section 16 and the weakly
adhered layer 13d, and is typically in the open state. However,
as shown in FIG. 5A, when the first base layer 13a at the
closing section T1 is pressed from the front surface in the
direction of arrow B, so that a vertically directed load is
applied to the first base layer 134, then the first base layer 13a
bends and the weakly adhered layer 134 on the inside of the
cover plate 13 adheres to the top part 16a of the second convex
section 16. When the load is subsequently removed, then, as
shown in FIG. 5B, the first base layer 13a is restored to its
original state due to its restorative force. At this time, the
strongly adhered layer 135 which is adhered on the inside of
the first base layer 13a, and the spacer 17 which is adhered to
the strongly adhered layer 135, are lifted up accompanying
the restoration of the first base layer 13a. The space between
the spacer 17 and the second base layer 13¢ are not adhered,
and the second base layer 13¢ is easily plastically deformable,
so that, even if the load is removed, the second base layer 13¢
and the weakly adhered layer 134 do not follow the restora-
tion of the first base layer 13a. As a result, the top part 16a of
the second convex section 16 and the weakly adhered layer
13d are in an adhered state, thereby closing the liquid channel
12 so that the liquid cannot flow through.
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In the thus-designed closing section T1, a vertically
directed load is applied by pressing the cover plate 13 from
the front surface side. By employing a pressing operation to
remove the load, the space between the originally separated
top part 16a of the second convex section 16 and the weakly
adhered layer 134 adheres and closes. As a result, the liquid
channel 12 in this area closes from the open mode.

In the liquid channel device 10A in this embodiment, the
metering chamber 14c¢, first mixing chamber 14f; second mix-
ing chamber 14/, measuring chamber 14/, and mixing tank
14d each have a liquid transport section P1~P5 for sending
the liquid from inside to outside the various chambers.

Among the various liquid transport sections P1~P5, the
liquid transport section P1 ofthe metering chamber 14¢ sends
the liquid inside metering chamber 14¢ downstream, i.e.,
toward the first mixing chamber 14/ Similarly, the liquid
transport section P2 of the first mixing chamber 14f'sends the
liquid inside first mixing chamber 14f downstream, i.e.,
toward the second mixing chamber 14/. The liquid transport
section P3 of the second mixing chamber 14/ sends the liquid
inside second mixing chamber 14/ downstream, i.e., toward
the measuring chamber 14i. The liquid transport section P4 of
the measuring chamber 14i sends the liquid inside the mea-
suring chamber 14i downstream, i.e., toward the mixing tank
14d.

In contrast, the liquid transport section P5 of the mixing
tank 144 sends the liquid inside mixing tank 144 upstream,
i.e., toward the measuring chamber 14i.

Further, in this embodiment, in the cover plate 13 at the
area corresponding to the various liquid chambers having the
liquid transport sections P1~P5 (the cover plate at the part for
closing the liquid chambers), the space between the strongly
adhered layer 136 and the second base layer 13c¢ is not sepa-
rated, but rather has a spacer 17 interposed there between. The
spacer 17 and the strongly adhered layer 135 are adhered and
the layers are tightly formed.

For this reason, as shown in FIGS. 6A and 6B and employ-
ing liquid transport section P1 as an example, when the cover
plate 13 atthis area is pressed from the outside in the direction
shown by arrow C (FIG. 6B), then the cover plate 13 at this
pressed portion bends inward. As a result, the internal capac-
ity of the metering chamber 14¢ becomes smaller, causing the
liquid inside the metering chamber 14¢ to be expelled and
transported, thereby realizing the function as the liquid trans-
port section P1. Hypothetically, if the space between the
strongly adhered layer 135 and the second base layer 13c is
separated without interposing a spacer 17, so that the layers
are not tight, then itis possible that the internal capacity of the
metering chamber 14¢ will not be decreased simply by the
adhesion of'the strongly adhered layer 135 to the second base
layer 13¢ even when the cover plate 13 of this portion is
pressed from the outside. In this case, the function as a liquid
transport section will not be realized.

In this embodiment, the metering chamber 14c¢, first mix-
ing chamber 14f, second mixing chamber 14/ and measuring
chamber 14/ which are each provided with this type of liquid
transport section P1~P4, are also provided with a reverse flow
check G1~G6 for stopping the reverse flow of the liquid sent
from the liquid transport section P1~P4 upstream, as shown
in FIGS. 1 and 2. Thus, when the liquid transport sections
P1~P4 are operated, the liquid inside the various chambers
cannot undergo reverse flow but can only flow downstream.

In this embodiment, the reverse flow checks G1~G#6 are a
flexible dam plate 18.

For example, using the metering chamber 14¢ as an
example, as shown in FIGS. 6A, 6B and 7, at the boundary
between the metering chamber 14¢ and the liquid channel 12
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on the upstream side of the metering chamber 14¢, only the
base end 185 of the dam plate 18 is fixed to the floor of the
liquid channel 12 so that the front end 18a of the dam plate 18
is directed downstream. The distal end 18a and either lateral
edges are not fixed in place.

For this reason, when liquid is transported from the filter-
ing chamber, not shown in the figures, to the metering cham-
ber 14¢inFIGS. 6 A, 6B and 7, the liquid can surpass the distal
end 18a of the dam plate 18 and flow into the metering
chamber 14c.

On the other hand, when the liquid transport section P1 of
metering chamber 14¢ operates, and the internal capacity of
the metering chamber 14¢ decreases, the liquid inside the
metering chamber 14¢ can only flow downstream due to the
disposition of this dam plate 18, and cannot flow upstream,
i.e., undergo reverse flow toward the filtering chamber.

Note that the mixing tank 14d is provided for sufficiently
stirring and mixing the measured liquid by bringing the mea-
sured liquid from and sending the measured liquid to the
upstream measuring chamber 14i as described above. Thus, it
is not necessary to provide a reverse flow check for preventing
reverse flow of the liquid upstream to the mixing tank 144.

As a specific method for formulating the measured liquid
using the liquid channel device 10A, first the liquid channel
device 10A is placed so that the sample introduction chamber
14a is positioned upward and the measuring chamber 14; is
positioned downward, so that the liquid easily flows from
upstream to downstream under the force of gravity.

The sample is sampled in a syringe or the like, the needle of
the syringe is pierced into the cover plate 13 at the portion
corresponding to the sample introduction chamber 144 of the
syringe, and the sample is injected into the sample introduc-
tion chamber 14a. Thereafter, the opening section S1 which is
provided into between the sample introduction chamber 144
and the filtering chamber 1454 is subjected to pressing as
described above, i.e., has a load applied by pressing the front
surface of the first base layer 13a. The load is subsequently
removed, and the liquid channel 12 at this portion is rendered
in the open state, so that the sample is introduced to the
filtering chamber 145 by the force of gravity.

The pressing operation may be carried out by means of the
operator using his finger to perform a pressing action from the
front surface of the first base layer 134, or by employing a
preprogrammed pressing device in which the pressing posi-
tion is defined by XY coordinates, and pressing in a specific
position.

Once filtering has been carried out at filtering chamber 145,
the opening section S2 which is provided in between the
filtering chamber 145 and the metering chamber 14¢ is oper-
ated by pressing, so that the liquid channel 12 in this area is
opened, and the sample is introduced into the metering cham-
ber 14¢ under the force of gravity.

Once a specific amount of sample is held and quantified at
the metering chamber 14c¢, the closing section T1 that is
provided in between the filtering chamber 145 and the meter-
ing chamber 14c¢ is operated by pressing, so that the liquid
channel 12 in this area is closed. In this way, the further
introduction into the metering chamber 14¢ of liquid from
upstream is prevented. Thus, by operating the opening section
S3 that is provided downstream from the metering chamber
14¢ by pressing, it is possible to open the liquid channel 12 in
this area. Next, the liquid transport section P1 is operated by
applying external pressure to the cover plate 13 in the area
covering the metering chamber 14¢. The quantified sample is
thus introduced into the first mixing chamber 14f due to the
force of gravity and the action of the liquid transport section
P1.
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The thus quantified sample is introduced into the first mix-
ing chamber 14/, and the opening section S4 in between the
first reagent chamber 14¢ and the first mixing chamber 14fis
operated by pressing so that the first reagent is introduced into
the first mixing chamber 14f. The sample and the first reagent
are mixed in the first mixing chamber 14f, to formulate an
intermediate solution.

Next, the opening section S5 in between the first mixing
chamber 14f and the second mixing chamber 14/ is operated
by pressing so that the liquid channel 12 in the areas is
opened. Next, the liquid transport section P2 is operated in the
same manner as the liquid transport section P1. The interme-
diate solution formulated at the first mixing chamber 14fis
introduced into the second mixing chamber 14/ through the
force of the gravity and the action of liquid transport section
P2. The opening section S6 in between the second reagent
chamber 14g and the second mixing chamber 14/ is operated
by pressing so that the second reagent is introduced into
second mixing chamber 14/. The intermediate solution and
the second reagent are mixed in the second mixing chamber
14/, to formulate a measured liquid.

Next, the opening section S7 which is provided in between
the second mixing chamber 144 and the measuring chamber
14i is operated by pressing, so that the liquid channel 12 in
this area is opened. Next, the liquid transport section P3 is
operated, and the measured liquid formulated in second mix-
ing chamber 14/ is introduced into the measuring chamber
14i through the force of gravity and the action of the liquid
transport section P3.

Next, the liquid transport section P4 is operated and the
measured liquid inside the measured chamber 14i is trans-
ported at once to the mixing tank 144. Next, the liquid trans-
port section P5 is operated to transport the measured liquid
inside the mixing tank 144 back to the measuring chamber
14i. This mixing operation is repeated as necessary until the
measured liquid is sufficiently stirred and mixed. This is then
supplied to the detecting and analyzing section for each liquid
channel device 10A, and detection and measurement of the
target components is carried out on the measured liquid inside
the measuring chamber 14i.

Note that when the liquid transport sections P1~P5 are
operated and the liquid is made to flow into the liquid channel
12 of the liquid channel device 10A, it is optimal to suitably
open and close the communicating holes, not shown in the
figures, which are provided to the various liquid chambers so
that the liquid flows more smoothly. For example, the cover
plate 13 in the area corresponding to the metering chamber
14c¢ is pressed when operating the liquid transport section P1.
Next, the communicating holes provided in the metering
chamber 14¢ are switched from the closed to the open state
prior to releasing the pressure. Next, by releasing the pressing
force, the pressure inside the metering chamber 14c¢ is
reduced and the liquid transported downstream can be pre-
vented from flowing backward into the metering chamber
14c.

According to the liquid channel device 10A, the liquid
transport sections P1~P5 for transporting the liquid inside the
liquid chambers are provided to the metering chamber 14c,
the first mixing chamber 14f, the second mixing chamber 14/,
the measuring chamber 14i and the mixing chamber 144,
respectively. As a result, easy and smooth flow of the liquid
can be accomplished and it is not necessary to separately
provide adevice for forcing flow of the liquid, even in the case
where the sample, intermediate solution and measured liquid
are viscous and do not readily flow through the liquid channel
12.
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Further, the liquid transport sections P1~P5 are provided
with a design which utilizes the cover plate 13 of the liquid
channel device 10A. Thus, it is not necessary to newly prepare
a separate material for the liquid transport sections P1~P5.
Thus, low cost and simple construction is achieved. In addi-
tion, since the liquid transport sections P1~P5 are operated by
simple pressing alone, operability is superior.

Further, in this embodiment, a dam plate 18 is provided to
serve as reverse flow checks G1~G6 to the metering chamber
14c¢, the first mixing chamber 14/, the second mixing chamber
14/, and the measuring chamber 14; which are provided to
the liquid transport sections P1~P4, respectively. For this
reason, when the liquid transport sections P1~P4 are oper-
ated, the liquid does not undergo reverse flow upstream.

Further, the liquid channel device 10A of this embodiment
is provided with opening sections S1~S7 which open the
liquid channel 12 from the closed mode, and the closing
section T1 which closes the liquid channel 12 from the open
mode. The flow of the liquid in the liquid channel 12 can thus
be controlled, making it possible to quickly carry out a highly
accurate detection and analysis.

For example, a closing section T1 is provided upstream and
an opening section S3 is provided downstream from the
metering chamber 14c¢ in this embodiment. As a result, it is
possible to quickly and accurately quantify the sample, and
introduce it into the first mixing chamber 14f. If, hypotheti-
cally, a opening section S3 was not provided downstream
from the metering chamber 14¢ so that the liquid channel 12
in this area was always in the open state, then the sample
would continuously be flowing out from the metering cham-
ber 14¢ even during the process of quantification. Accord-
ingly, quantification would become difficult because it would
not be possible to hold a specific quantity of the sample. In
addition, when a closing section T1 is not provided upstream
from the metering chamber 14c¢, then, depending on the
amount of sample injected into the sample introduction
chamber 14a, the sample which has passed through the filter-
ing chamber 145 may continue to flow into the metering
chamber 14¢ even after a specific quantity of sample accu-
mulates in the metering chamber 14¢. Thus, quantification
itself may of course become difficult. On this point, when a
closing section T1 is provided upstream from the metering
chamber 14¢ as in this embodiment, then, even if the entire
amount of sample that passed through the filter 145 has not
completely finished flowing into the metering chamber 14c¢, it
is possible to operated the closing section T1 at the point in
time when a fixed quantity of sample has been quantified in
the metering chamber 14c¢, thereby preventing further flow of
sample into the metering chamber 14¢. The sample can thus
be accurately and quickly quantified.

Further, in this embodiment, a opening section S5 is pro-
vided in between the first mixing chamber 14fand the second
mixing chamber 14/, and a opening section S7 is provided in
between the second mixing chamber 14/ and the measuring
chamber 14i. For this reason, once the targeted mixing and
reaction has progressed sufficiently in the first mixing cham-
ber 14f'and the second mixing chamber 144, these opening
sections S5, S7 are opened and the liquid transport sections
P2, P3 are operated, so that the intermediate solution and the
measured liquid can each be introduced into the second mix-
ing chamber 14/ and the measuring chamber 14i, respec-
tively. Thus, it is possible to prevent a deterioration in the
accuracy of the detection and analysis which is caused by
insufficient mixing and reaction.

Further, in this embodiment, opening sections S4,56 are
provided in between the first reagent chamber 14e and the first
mixing chamber 14/, and the second reagent chamber 14g and
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the second mixing chamber 14%. As a result, these opening
sections are opened at the desired point in time, and the first
reagent and the second reagent, which are sealed in advance
in the first reagent chamber 14e and the second reagent cham-
ber 14g respectively, can be introduced into the first mixing
chamber 14fand the second mixing chamber 14/. Hypotheti-
cally, if these opening sections S4, S6 were not provided, then
there would be a concern that the first reagent and the second
reagent would begin to flow downstream during maintenance
and the like of the liquid channel device 10A.

The opening sections S1~S7 and the closing section T1 of
the liquid channel device 10A are made by incorporating a
first convex section 15, and a second convex section 16, which
are formed to the liquid channel 12, and the cover plate 13.
For this reason, it is not necessary to newly prepare a separate
member for opening or closing the liquid channel 12. Thus,
low cost and a simple structure can be achieved. Further,
operability is superior since the opening and closing opera-
tion can be performed by a simple pressing operation.

Note that in the liquid channel device 10A described in the
preceding example, the metering chamber 14c¢, the first mix-
ing chamber 14f, the second mixing chamber 14/, the mea-
suring chamber 14i, and the mixing chamber 144 are each
provided with the liquid transport section P1~P5. However, it
is also acceptable not to provide all of these liquid chambers
with a liquid transport section. In addition, it is also accept-
able to provide a liquid transport section to liquid chambers
other than those cited here. In other words, it is acceptable to
suitably determine which liquid chambers to provide with a
liquid transport section depending on the type and character-
istics of the sample and the reagents, etc. For example, this
embodiment described an arrangement in which, when for-
mulating a measured liquid using the liquid channel device
10A, the liquid channel device 10A is first disposed so that the
sample introduction chamber 14a is directed upward and the
measuring chamber 14; is directed downward so that the
liquid readily flows from upstream to downstream under the
force of gravity, and, with this arrangement in place, liquid
transport sections P1~P5 are also utilized in transporting the
liquid, i.e., the liquid is made to flow through a combination
of the force of gravity and the action of the liquid transport
sections. However, by providing liquid transport sections to
all the liquid chambers, it is also possible to design a liquid
channel device that can transport a liquid without utilizing
gravity.

Further, an embodiment was provided in which nine liquid
chambers were formed in this liquid channel device 10A.
However, the type, number, disposition sequence and the like
can be suitably adjusted according to the objects.

Inthe liquid channel device 10A of'this embodiment, a dam
plate 18 is employed for the reverse flow checks G1~G6
which are disposed to the liquid chambers which are provided
with liquid transport sections P1~P4. However, the present
invention is not limited to this embodiment of a reverse flow
check. Rather, embodiments other than dam plate 18 are
acceptable. When a dam plate 18 is provided, two or more
dam plate 18 may be disposed in a series, or a design which
more effectively will obtain the reverse flow check effect may
be used. Alternatively, the dam plate 18 may be combined
with other reverse flow checks.

Inplace of providing reverse flow checks G1~G6, a closing
section for closing the liquid channel 12 from the open mode
may be provided at these sites. By operating the closing
section before actuating the liquid transport sections P1~P4,
the liquid can be prevented from flowing back upstream.

The embodiment which employs a closing section for the
objective of checking flow in this way is particularly effective
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in the case the metering chamber has an overflow section
including an overflow path which communicates with the
metering chamber and a waste solution chamber which is
provided downstream from the overflow path. In this type of
metering chamber, sample which exceeds a specific quantity
in the metering chamber overflows and flows down the over-
flow path and into the waste solution chamber. As a result, it
is possible to quantify a specific amount of sample in the
metering chamber. For this reason, it is necessary that the
sample flow smoothly into the overflow path from the meter-
ing chamber during quantification. On the other hand, when
operating the liquid transport section that is provided to the
metering chamber to send the quantified sample downstream,
the sample must be prevented from flowing into the overflow
path from the metering chamber. As explained, a reverse flow
check cannot be provided a place through which the sample
flows in both directions. Accordingly, it is preferable to pro-
vide the closing section to such a place in order to make the
place be closed only when necessary.

FIG. 8 shows a second embodiment of the liquid channel
device according to the present invention. As in the case of the
liquid channel device 10 A explained above, this liquid chan-
nel device 10B is formed by forming the groove-like liquid
channel 12, through which the liquid is the sample and/or the
reagent flows, and a plurality of liquid chambers (14a,
14e~14h,14], 14k, 14m) for holding the liquid at either end or
apart of the liquid channel 12, to one surface of the base plate
11B made of a fan-shaped flat plate, and laminating the cover
plate 13 to the channel formation surface 12a which is on the
side of the base plate 11 where the liquid channel 12 is
formed. In this liquid channel device 10B, when the upper end
as shown in FIG. 8 is rotated about the center, the sample
flows under centrifugal force in the direction of the arrow F'
from the upstream end toward the downstream end of the
liquid channel 12. Various treatments and mixing with
reagents are carried out along the way, to form the measured
liquid.

In other words, the sample introduction chamber 14a in
which the introduced sample is held is provided to the
upstream end of the liquid channel 12, and a first mixing
chamber 14f'is provided downstream from the sample intro-
duction chamber 144 for mixing the first reagent from the first
reagent chamber 14e, the second reagent from the second
reagent chamber 14g and the sample from the sample intro-
duction chamber 144, to formulate an intermediate solution.

A second mixing chamber 14/ is provided downstream
from the first mixing chamber 14ffor mixing the third reagent
from the third reagent chamber 14j, the fourth reagent from
the fourth reagent chamber 144, and the intermediate solution
from the first mixing chamber 14/

In this embodiment, the second mixing chamber 14% is
employed as a measuring chamber, and detection and analysis
of various components is carried out using the detecting and
analyzing section not shown in the figures on the measured
liquid which was formulated in the second mixing chamber
145

In this embodiment, a waste solution chamber 14m is
formed in which the measured liquid is stored after being
measured at the second mixing chamber 144.

Note that communicating holes, not shown in the figures,
which communicate with the air are provided to the various
liquid chambers.

Further, in this liquid channel device 10B, the cover plate
13 has the same structure as shown in FIG. 3 for the case of the
above-described liquid channel device 10A, i.e., has the first
base layer 13a forming the front surface of the cover plate 13,
the strongly adhered layer 135 which is formed on the inside

5

10

15

20

25

30

35

40

45

50

55

60

65

18

of'the first base layer 134, the second base layer 13¢ formed to
the inside of the strongly adhered layer 135, and the weakly
adhered layer 13d which is formed to the inside of the second
base layer 13¢ and is adhered to the channel formation sur-
face.

Opening sections S8~S14 for opening the liquid channel
12 from the closed mode are disposed respectively between
the sample introduction chamber 14a and the first mixing
chamber 14f; between the first sample chamber 14¢ and the
first mixing chamber 14f; between the second sample cham-
ber 14g and the first mixing chamber 14f; between the first
mixing chamber 14f and the second mixing chamber 14/;
between the third sample chamber 14/ and the second mixing
chamber 14/; between the fourth sample chamber 144 and the
second mixing chamber 14/; and between the second mixing
chamber 14/ and the waste solution chamber 14m.

A closing section T2 is provided downstream from the
opening section S8 in the liquid channel 12 between the
sample introduction chamber 144 and the first mixing cham-
ber 14f.

As in the case of the liquid channel device 10A, in the
various opening sections S8~S14, the first convex section 15
is formed to the liquid channel 12, as shown in FIG. 3. The top
part 15a of the first convex section 15 and the weakly adhere
layer 13d are adhered and the strongly adhered layer 136 and
the second base layer 13¢ are separated. The second convex
section 16 is formed to the liquid channel 12 at the closing
section T2. The top part 16a of the first convex section 16 and
the weakly adhered layer 13d are separated from one another.
The spacer 17 is interposed between the strongly adhered
layer 135 and the second base layer 13¢. The spacer 17 and the
strongly adhered layer 135 are adhered.

When formulating the measured liquid using the liquid
channel device 10B, first, the liquid channel device 10B is set
in a centrifuge so that the sample introduction chamber 14a
side is positioned on the rotational center side and the mea-
suring chamber 14/ is positioned on the outer periphery side
of the rotation.

Next, the sample is sampled using a syringe or the like, and
the syringe needle is used to pierce the cover plate 13 in the
area corresponding to the sample introduction chamber 14a
and inject the sample into the sample introduction chamber
14a. Next, the centrifuge is operated to generate a centrifugal
force that acts from the center of rotation to the outer periph-
ery. As a result of this centrifugal force, the liquid starts to
flow from upstream to downstream.

Next, in the same manner as in the case of the liquid
channel device 10A, pressing is applied to the opening sec-
tion S8 which is provided in between the sample introduction
chamber 14a and the first mixing chamber 14f; so that the
liquid channel 12 in this area is opened to the from the closed
mode and the sample is introduced into the first mixing cham-
ber 14funder the centrifugal force.

The sample is introduced into the first mixing chamber 141
as the centrifugal force is being generated in this way. Mean-
while, the opening section S9 in between the first sample
chamber 14¢ and the first mixing chamber 14f'is activated by
pressing, to introduce the first reagent, which was sealed in
advance, into the first mixing chamber 14f. Next, the opening
section S10 in between the second reagent chamber 14g and
the first mixing chamber 14f7s activated by pressing, to intro-
duce the second reagent, which was sealed in advance, into
the first mixing chamber 14f. The sample, the first reagent and
the second reagent are mixed in the first mixing chamber 14/

At this time, as necessary, the closing section T2 may be
operated prior to the entire sample flowing completely into
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the first mixing chamber 14f; so that overflow of the sample
into the first mixing chamber 14f can be prevented.

Next, the opening section S11 in between the first mixing
chamber 14fand the second mixing chamber 14/ is operated
by pressing, to introduce the intermediate solution formu-
lated in the first mixing chamber 14finto the second mixing
chamber 14/4. Meanwhile, the opening section S12 in
between the third reagent chamber 145 and the second mixing
chamber 14/, and the opening section S13 in between the
fourth reagent chamber 144 and the second mixing chamber
14/ are operated by pressing, to introduce the third reagent
and the fourth reagent, which were sealed in advance, into the
second mixing chamber 14/4. The intermediate solution, the
third reagent and the fourth reagent are mixed in the second
mixing chamber 14/.

Next, the liquid channel device 10B is supplied to the
detecting and analyzing section, and detection and analysis of
the target components is carried out on the measured liquid
formulated in the second mixing chamber.

Once the detection and analysis is completed, the opening
section S14 is operated and liquid on which measurements
are completed can be discarded to the waste solution chamber
14m.

This type of liquid channel device 10B is provided with
opening sections S8~S14 opening the liquid channel 12 from
the closed mode, and a closing section T2 for closing the
liquid channel 12 from the open mode. As a result, it is
possible to control the flow of the liquid in the liquid channel
12, so that detection and analysis can be carried out over a
short time with good accuracy.

Further, the opening sections S8~S14 and the closing sec-
tion T2 are low cost and simple in design, and can be operated
by means of simple pressing alone.

Note that the pressing operation applied to the opening
sections S8~S14 and closing section T2 may be carried out
manually in the case of the liquid channel device 10B of this
embodiment. However, if the pressure is applied by means of
a pressure disk that is in contact with the front surface of the
cover plate 13 of the liquid channel device 10B, then it is
possible to carry out continuous pressing to a plurality of
liquid channel devices 10B, which is preferable.

FIG. 9 shows a method for using a pressure disk 21 to carry
out pressing to a plurality (six in this embodiment) of the
fan-shaped (central angle 0=60°) liquid channel devices 10B
which are aligned in a circle and set on the base 20 of a
centrifuge. The pressure disk 21 of this embodiment is
installed on an arm 23 that extends laterally from the rota-
tional axis 22 of the centrifuge for rotating the liquid channel
devices 10B. While rotating about arm 23, this pressure disk
21 moves along the longitudinal direction of the arm 23 (the
radial direction of rotation of the liquid channel device) from
the center to the outer periphery of rotation of the liquid
channel device 10B. The pressure disk 21 undergoes which
movement while the liquid channel device 10B is rotated by
the centrifuge. As a result, the pressure disk 21 scans in a
relatively spiraling pattern from the center to the outer periph-
ery of rotation on the liquid channel devices 10B which are
aligned in a circle, and pressing can be applied sequentially to
the opening sections S8~14 and the closing section T2 that are
provided on these liquid channel devices 10B.

Note that the above explanation employed a method in
which the cover plate 13 was pierced with a syringe needle as
an example of a method for injecting the sample into the
sample introduction chamber 14a of the liquid channel
devices 10A, 10B. However, for example, it is also acceptable
to form a sample injection hole in the cover plate 13 in
advance, and to then inject the sample from there. In this case,
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a protective tape may be used to cover the sample injection
hole, with the injection carried out by piercing the protective
tape with the syringe. Alternatively, it is also acceptable to
peel off the protective tape and then carry out the injection by
introducing the syringe into the sample injection hole.

A plate made from glass or a resin such as styrene resin,
acrylic resin, polycarbonate resin, vinyl chloride resin, PEN
resin, polyester resin, epoxy resin, phenol resin, ABS resin,
polypropylene resin, fiber-reinforced plastic or the like, may
be employed in the base plate 11A, 11B in which the liquid
channel 12 and liquid chambers are formed in the above-
described liquid channel devices 10A, 10B. Among these, a
glass plate, styrene resin, acrylic resin, polycarbonate resin,
vinyl chloride resin, PEN resin, and polyester resin are pre-
ferred because they are transparent and enable visual inspec-
tion of the condition of the liquid flowing through the liquid
channel 12 from the base plate 11A, 11B side. Resin plates are
preferred over a glass plate as they do not readily break and
are easier to handle.

The thickness of the base plate 11 A, 11B is not particularly
restricted, but may be determined based on the depth of the
liquid channel 12 which is formed therein. Typically, the
thickness is 0.5~7 mm

The liquid channel 12 and the liquid chambers are formed
in the shape of a groove to one side of the base plates 11A,
11B using a technique such as photolithography, injection
molding, blow molding, bonding, fusion, cutting, machining
or the like.

The cross-sectional shape (i.e., cross-sectional in the direc-
tion perpendicular to flow) of the liquid channel 12 is not
particularly restricted. For example, semi-circle, square, or
inverted triangle is all acceptable shapes which may be cited.
The width and depth of the liquid channel 12 are not particu-
larly restricted, and may be determined based on the liquid
flow volume which is to be obtained. A width and depth in the
range of from 10 to 5,000 um is preferred as the liquid flows
with low channel resistance and a small volume of liquid can
be made to flow.

Further, in order to facilitate the flow of the liquid in the
liquid channel 12, it is preferable to carry out surface process-
ing in response to the type of liquid. Examples of such surface
treatments include coating treatments with a coating material,
plasma treatment, frame treatment, chemical treatment, bio-
logically active treatment, antibody treatment and the like.
Further, as necessary, it is also acceptable to provide a baffle,
stirring plate, or projection, and form a divide, so that the
flowing liquid has a uniform mixing state.

The shape of the various chambers is not particularly
restricted. Rather, the chambers may be suitably formed
according to the capacity, etc., required of each.

The various dam plates may be formed of a flexible resin
sheet and disposed at specific sites, and, when forming the
liquid channel 12 or liquid chambers, may be formed in a
unitary manner from the base plate 11A.

The first base layer 13a possesses a restorative force which
returns it to its original state after bending when a vertically
directed load is applied from the front surface thereof. Any
material may be employed as the first base layer 13a provided
it is one which has these characteristics, i.e., flexibility and
restorative force. The material and thickness thereof are not
particularly restricted. Films having a thickness in a range of
from 50 to 500 um, and being made of polyethylene tereph-
thalate (PET), polyethylene naphthalate (PEN), polycarbon-
ate (PC), polyimide and the like, are preferable for use as the
first base layer 13a due to their suitable properties of flexibil-
ity and restorative force.
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For the second base layer 13¢, on the other hand, a material
is acceptable which can easily bend as a result of a vertically
directed load, with a material lacking restorative force being
more preferable. Any base material having these properties
may be employed for second base layer 13¢. The material and
thickness thereof are not particularly restricted. Films having
a thickness in a range of from 5 to 50 pm, and being made of
metal foils such as aluminum foil or copper foil, paper, or
resins such as PET, PEN, PC or polyimide are preferred for
use as the second base layer 13¢. Where employing paper, it
is preferable to use a paper that has been treated for resistance
to water. In the case of metal foil, itis preferable to use a metal
foil that has been treated for rust resistance.

The material for the strongly adhered layer 135 and the
weakly adhered layer 13d can be suitably selected from
among conventional adhesive agents in response to the mate-
rial for first base layer 134 and the second base layer 13¢. In
this case, the adhesive force (adhesive strength) of the adhe-
sive agent forming the strongly adhered layer 135 needs to be
stronger than the adhesive force of the adhesive agent forming
the weakly adhered layer 13d. When the adhesive force of the
adhesive agent forming the strongly adhered layer 134 is less
than the adhesive force of the adhesive agent forming the
weakly adhered layer 134, it is not possible to separate the top
part 15a of the first convex section 15 and the weakly adhered
layer 134 when pressing on the openings section S1~S14. As
a result, the liquid channel 12 cannot be opened. It is prefer-
able that the adhesive force of the adhesive agent forming the
strongly adhered layer 135 be 0.1 N/cm or more greater than
the adhesive force of the adhesive agent forming the weakly
adhered layer 134, with a value in the range of 0.1~30 N/cm
being more preferred. When the adhesive force of the adhe-
sive agent forming the strongly adhered layer 1351s 0.1 N/cm
or more than the adhesive force of the adhesive agent forming
the weakly adhered layer 134, the opening sections S1~S14
can be operated with certainty. On the other hand, when the
difference in the adhesive forces exceeds 30 N/cm, it becomes
difficult to form the adhesive layers.

For this reason, it is preferable to set the adhesive force of
the strongly adhered layer 1354 to be in the range of 1~30
N/em, and of the weakly adhered layer 134 to be in the range
0f 0.05~5 N/cm.

Examples of adhesive agents employed in the strongly
adhered layer 135 and the weakly adhered layer 134 which
may be cited include acrylics, rubbers, polyurethanes, poly-
esters, silicon-based adhesive agents and the like. Among
these, an acrylic or rubber may be used for the strongly
adhered layer 135, with non-woven cloth or polyester fiber
used as the wick material. Acrylic adhesive agents or silicon-
based adhesive agents are preferably employed for the
weakly adhered layer 135. In order to maintain the difference
between the adhesive force of the strongly adhered layer 136
and the weakly adhered layer 134 within the above-described
suitable range, methods may be cited such as suitably adjust-
ing the glass transition temperature of the resin forming the
various adhesive agents, including additives in the adhesive
such as tackifiers, curing agents or wick material, and adjust-
ing the amount of these additives.

The thickness of the strongly adhered layer 135 and the
weakly adhered layer 134 is not limited, but generally in a
range of from 10 to 100 um.

Note that the term “adhesive force” as employed here is
defined as the adhesive strength at 180° peeling from a stain-
less plate as specified in JIS Z 0237.

In addition to resins such as PET, PEN, PC, acrylic resin,
epoxy resin, phenol resin, polyurethane resin and the like,
paper or the like may also be employed for the spacer 17. The
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thickness of the spacer 17 is not particularly restricted. How-
ever, when the thickness is in the range of 50~2,000 um, the
strongly adhered layer 135 and the second base layer 13¢ can
be separated with certainty prior to the operating the opening
sections S1~S14, and the strongly adhered layer 135 and the
second base layer 13¢ can be adhered with certainty during
the operation.

Third Embodiment

In the liquid channel device 10A according to the first
embodiment explained above, the liquid transport sections
P1~P5 were exemplified by an arrangement in which pressing
was applied from the outside to the cover plate 13 in the area
corresponding to the liquid chambers, causing the cover plate
13 to bend in this area and decreasing the capacity of the
liquid chamber and thereby transporting the liquid. In the
third embodiment, an explanation is made of a liquid trans-
port section in which external pressing is applied to the floor
of'the liquid chamber rather than to the cover plate 13, thereby
decreasing the capacity of the liquid chamber and transport-
ing the liquid inside the liquid chamber.

FIGS. 10A and 10B show the essential components includ-
ing the metering chamber 14¢ having a liquid transport sec-
tion P1' for a liquid channel device 10C according to the third
embodiment which is equipped with nine liquid chambers in
the same manner as in the first embodiment.

In this embodiment, the base plate 11B is made of the three
layers of an outer layer 1le, a middle layer 11f which is
laminated on the inside of the outer layer 11e, and an inner
layer 11g which is laminated on the inside of the middle layer
111

The top part of the liquid chambers (only metering cham-
ber 14¢ is shown in this embodiment), the liquid channel 12,
the first convex section 15, and the second convex section 16
are formed to the inner layer 11g.

The bottom part of the liquid chambers is formed to the
middle layer 11/, and this middle layer 11fforms the floor of
the liquid channel 12.

The outer layer 11e is disposed to the outermost side of the
base plate 11B and forms the floor of the liquid chamber. In
this embodiment, the liquid transport section P1' operates
when external pressing is applied to the floor of the liquid
chamber as shown by arrow C', causing the outer layer 11e
which forms the floor of the liquid chamber to bend inward
and decrease the internal capacity of the metering chamber
14c as a result.

In this embodiment, as shown in FIG. 11, a dam plate 18 is
formed as a reverse flow check in the inner layer 11g. In the
dam plate 18 in this embodiment, the base end 185 is fixed to
one side wall of the liquid channel 12 and the distal end 18a
and the lateral ends are not fixed in place, so that the distal end
184 of the dam plate 18 is directed downstream at the bound-
ary of the metering chamber 14¢ and the liquid channel 12
upstream there from.

For this reason, when the liquid is transported from the
upstream filter chamber, not shown, into the metering cham-
ber 14c, the liquid surpasses the distal end 18a of the dam
plate 18 and can flow into the metering chamber 14¢. When
the liquid transport P1' of the metering chamber 14¢ operates,
the liquid inside the metering chamber 14¢ can only flow
downstream, and cannot undergo reverse flow upstream, due
to the action of the dam plate 18.

The base plate 11B of this embodiment can be formed as
shown in FIG. 12. First, the sheet 11g' for forming the inner
layer 11g is prepared in advance. The site corresponding to
the liquid channel 12 in this sheet 11g' is punched out in a
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linear form, and the area corresponding to the top part of the
liquid chamber is punched out in the shape of a hole. Further,
in this case, the areas forming the first convex section 15 and
the second convex section 16 are not punched out but rather
are left remaining, and polishing or the like is employed to
adjust the height of the second convex section 16 so that the
height of the second convex section 16 is less than that of the
first convex section 15. Further, in this embodiment, the dam
plate 18 is also formed from the inner layer 11g, so that the
area forming the dam plate 18 is not punched out but is left
remaining in the sheet 11g".

The sheet 11/ for forming the middle layer 11f7is prepared
in advance. The sites corresponding to the bottom parts of the
metering chamber 14¢ and the other chambers are punched
out in the form of a hole in the sheet 11/

Next, the sheet 11¢' forming the outer layer 11e is prepared
in advance, and the sheet 11f" forming the middle layer 111
and the sheet 11g' forming the inner layer 11g are laminated
and adhered to the sheet 11¢', thereby forming the base plate
11B as a result.

For the material for the various sheets 11¢', 11/, 11g', a
selection may be made from among the materials employed
for the base plate 11A exemplified in the first embodiment. In
particular, the sheet 11¢' forms the floor of the liquid chamber
and is subjected to external pressing during operation of the
liquid transport section. Accordingly, it is necessary to use a
material having flexibility.

In addition, the thickness of the sheet 11g' corresponds to
the depth of the liquid channel 12 which is formed, with the
sum of the thicknesses of the sheet 11g' and the sheet 11/
corresponding to the total depth of the liquid chamber. Thus,
the thicknesses of the sheet 11/" and the sheet 11g' is deter-
mined after taking into consideration the depth which is
obtained for the liquid chamber and the liquid channel 12. The
depth of the liquid chamber may be suitably set in response to
the required capacity. Further, the optimal depth of the liquid
channel 12 is within the same range as in the first embodi-
ment. The sheet 11¢' is required to bend during the operation
of the transport section as described above. Accordingly,
while it will depend on the material, a value in the range of
20~300 um is ideal.

The base plate 11B may be formed from two layers con-
sisting of outer layer 11e and inner layer 11g, in which the
sheet 11¢' and the sheet 11g' are laminated. In this case, the
depth of the liquid channel 12 and liquid chamber are the
same.

In the liquid channel device 10C according to this embodi-
ment, in order to more effectively operate the liquid transport
section P1', the outer layer 11e of the base plate 11B in the
area corresponding to the metering chamber 14c, i.e., the
floor of the metering chamber 14¢, may be expanded in the
outer direction, as shown in FIG. 13. By expanding the floor
in this way, the internal capacity of the metering chamber 14¢
can be further decreased when pressing this area inward in the
case where operating the liquid transport section P1'. As a
result, the liquid in the metering chamber 14¢ can be more
effectively transported.

The liquid channel device 10C according to the third
embodiment can be obtained by providing a cover plate 13
with the same design as in the first embodiment to this type of
base plate 11B. Namely, in this embodiment, as shown in
FIG. 10A and FIG. 10B, the strongly adhered layer 135 and
the second base layer 13c¢ are not separated from one another
in the cover plate 13 at the area corresponding to the metering
chamber 14¢. Rather, a spacer 17 is interposed, and the spacer
17 and the strongly adhered layer 135 are adhered and the
layers are tightly formed. For this reason, when external
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pressing is applied to the floor of the metering chamber 14¢
and the floor bends, causing the liquid transport section P1' to
operate, the internal capacity of the metering chamber 14c¢ is
decreased and the function as a liquid transport section is
realized. Here, hypothetically, if there was a space of separa-
tion between the strongly adhered layer 135 and the second
base layer 13¢ and the spacer 17 was not interposed so that the
layers were not tight, then the second base layer 13¢ and the
weakly adhered layer 13d would not bend toward the outside
based on the inner pressure of the metering chamber 14¢
when external pressing is applied to the floor of the metering
chamber 14¢. Thus, the internal capacity of the metering
chamber 14¢ would not decrease, and it is possible that the
effect as the liquid transport section could not be realized.

In aliquid channel device 10C of this type, base plate 11B
is made ofthree layers, namely the outer layer 11e, the middle
layer 11f'and the inner layer 11g, or two layers, namely the
outer layer 11e and the inner layer 11g. The liquid chambers,
liquid channel 12, dam plate 18, first convex section 15 and
second convex section 16 are formed by punching out sheet
11" which forms the middle layer 11f'and sheet 11g' which
forms the inner layer 11g. For this reason, the liquid cham-
bers, etc. can be formed simply and at low production cost,
enabling large volume production, as compared to a method
in which photolithography or the like is employed to form the
liquid chamber and liquid channel to a base plate made of a
single flat plate, or a method for molding a base plate in which
the liquid chamber and liquid channel are formed using injec-
tion molding.

Note that the first through third embodiments explained
above show as examples liquid channel devices 10A, 10B,
10C in which the liquid channel 12 is formed to only one side
of'the base plates 11A, 11B. However, the liquid channel 12
may be formed to both sides of the base plates 11A, 11B.

There are no restrictions on the arrangement for the com-
municating holes which can be opened/closed which are pro-
vided to the various liquid chambers. Namely, an embodi-
ment is acceptable in which the communicating holes can be
opened and closed by removing and placing an engageable
cap in the communicating holes formed in the cover plate. It
is also acceptable to provide opening sections and a closing
section having the same structure as the opening sections
S1~S7 and the closing section T1 provided to the liquid
channel] 12.

In the case where a base plate 11A is made of a single flat
plate as in the first embodiment, it is acceptable to provide a
liquid transport section to the liquid chamber which is oper-
ated by pressing the floor of the liquid chamber. When the
base plate 11B is formed from a plurality of layers as in the
third embodiment, a liquid transport section which is oper-
ated by pressing the cover plate 13 corresponding to the liquid
chamber may be provided to the liquid chamber. Further, the
explanation above employed the example of a liquid channel
device provided with a closing section and opening sections,
and therefore exemplified a design for the cover plate 13
comprising the first base layer 13a, strongly adhered layer
135, second base layer 13¢, weakly adhered layer 134 and
spacer 17. However, it is not necessary for the cover plate 13
to be formed of a plurality of layers in this way in order to
actuate the liquid transfer section. Rather, it is also acceptable
if cover plate 13 is comprised of a single layer.

Further, the preceding example illustrated an embodiment
which utilized gravitational force and the action of a liquid
transport section in order to cause the liquid to flow. However,
it is also acceptable to incorporate a method for causing
movement and flow of the liquid by heating the liquid channel
12, a portion of the liquid chamber, or both to expand the air
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inside the liquid channel 12 or inside the liquid chamber, or a
method for causing movement and flow of the liquid by
sealing an oxygen absorbing agent (such as readily oxidizable
iron powder, etc.) inside a portion of the liquid channel 12 and
causing a reduction in the pressure inside the liquid channel
12 due to absorption of the oxygen within.

In the preceding explanation, a method in which the cover
plate 13 was pierced with a syringe needle was employed as
an example of a method for injecting a sample into the sample
introduction chamber 14a. For example, a sample injection
hole may be formed in the cover plate 13 in advance, with the
sample then injected through this hole. In this case, the
sample injection hole may be covered with a protective tape
and the injection may be carried out by piercing the protective
tape with the syringe, or the protective tape may be peeled
away and the injection carried out by inserting the syringe
into the sample injection hole.

From the perspective of preventing contamination, etc., it
is preferable that the communicating holes provided in the
various liquid chambers be sealed prior to the use of the liquid
channel devices 11A, 11B, and then opened at the time of use.
Thus, opening sections of the same design as the opening
sections S1~14 may be provided to the liquid channel 12 in
front of the communicating holes.

Further, in the above discussion, explanations were made
of methods for causing the liquid to flow by utilizing gravi-
tational force in the liquid channel device 10A and employing
centrifugal force in the liquid channel device 10B, respec-
tively. However, the present invention is not limited thereto.
For example, it is also acceptable to employ a method for
causing movement and flow of the liquid by, for example,
pressurizing a portion of the liquid channel 12, expanding the
air inside the liquid channel 12 by heating part of the liquid
channel 12, or reducing the pressure inside the liquid channel
12 by introducing an oxygen absorbing agent (readily oxidiz-
able iron powder, etc.) to a portion of the liquid channel 12
and absorbing the oxygen inside the liquid channel 12. Fur-
ther, it is also acceptable to pressurize, heat or reduce the
pressure of the metering chamber 14 rather than a portion of
the liquid channel 12, or, depending on the circumstances, to
pressurize, heat or reduce the pressure of both the metering
chamber 14 and the liquid channel 12.

The sample and reagent that flow through the liquid chan-
nel devices 10A, 10B are not particularly restricted. Samples
and reagents that are conventionally employed in the medical
and environmental fields as well as others, may be suitably
combined in use. For example, such biological derivatives as
blood (whole blood), plasma, serum, buffy coat, urine, ster-
cus, saliva, sputum or the like, as well as viruses, or bacterial,
mold, yeast, or plant cells, may be cited.

It is also acceptable to employ DNA or RNA isolated from
these products. Alternatively, it is also acceptable to employ
as a sample the products obtained by performing any kind of
pre-treatment or dilution on the preceding. In the case where
analyzing for the presence of an antigen in the sample, it is
preferable to use a reagent which includes an antibody to the
antigen.

As a detecting and analyzing section for the measured
liquid formulated by the liquid channel devices 10A, 10B, a
conventionally known photochemical means, electrical
means or the like may be suitably employed.

Fourth Embodiment

FIG. 14 is aplanar perspective view schematically showing
the liquid channel device according to a fourth embodiment.
FIG. 15 is a planar perspective view showing an expanded
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view of part of the liquid channel device in FIG. 14. FIG. 16
is a cross-sectional view along the line I-I' in FIG. 15.

Inthis liquid channel device 110, a groove-like liquid chan-
nel 112, through which a liquid being at least one of either a
sample and a reagent flows, and a plurality (9 in this embodi-
ment) of liquid chambers (114a~114i) for holding the liquid
at the ends of or along the liquid channel 112, are formed to at
least one side of a flat square base plate 111, and a cover plate
113 is laminated to the channel formation surface 112a of
base plate 111 on which the liquid channel 112 is formed.
When the upper end of the liquid channel device 110 is
positioned in the upward direction and the lower end of the
liquid channel device 110 is positioned in the downward
direction as shown in FIG. 14, then the sample flows under the
force of gravity from the upstream end to the downstream end
of the liquid channel 112 in the direction indicated by arrow
F. A variety of treatments and mixing with reagents may be
carried out to the sample along the way, to formulate the
measured liquid that is supplied for various detection and
analyses.

In other words, a sample introduction chamber 114aq, in
which the introduced sample is held, is provided at the
upstream end of the liquid channel 112, and a filtering cham-
ber 1145, which houses a filter not shown in the figures and
carries out filtering of sample which has flowed from the
sample introduction chamber 114a, is provided downstream
from the sample introduction chamber 114aq.

A metering chamber 114¢ for quantification of a fixed
amount of filtered sample is provided downstream from the
filtering chamber 1145. An overtlow section including an
overflow path 1124 and a waste solution chamber 1144 pro-
vided downstream from the overtflow path 1124, is provided
to the metering chamber 114c¢ in this embodiment. Sample
which exceeds a fixed quantity at the metering chamber 114c¢,
overflows, flowing through the overflow path 1124 and into
the waste solution chamber 1144. As a result, a fixed quantity
of sample can be quantified at the metering chamber 114¢.

A first mixing chamber 114f7s provided downstream from
the metering chamber 114¢. The first mixing chamber 114fis
for mixing the sample quantified at the metering chamber
114¢ and a liquid first reagent, a specific quantity of which has
been sealed into the first reagent chamber 114¢ in advance. A
second mixing chamber 114/ is provided downstream from
the mixing chamber 114f. The second mixing chamber 114/
is for mixing the intermediate solution formulated at first
mixing chamber 114fand a liquid second reagent, a specific
quantity of which has been sealed into the second reagent
chamber 114g in advance.

A measuring chamber 114 is provided downstream from
the second mixing chamber 114/ (at the downstream end of
the liquid channel 112). The measured liquid formulated at
the second mixing chamber 114/ is held in the measuring
chamber 114/, and detection and analyses of the various com-
ponents is carried out by an analyzing and detecting section
not shown in the figures.

Note that opening/closing communicating holes, not
shown in the figures, which communicate with the outside
environment, are provided as needed to each liquid chamber.

As shown in FIG. 16, the base plate 111 of the liquid
channel device 110 includes three layers, namely, an outer
layer 1114, an middle layer 1115 laminated to the inside of
the outer layer 111a, and an inner layer 111¢ laminated to the
inside of the middle layer 11154.

The top part (cover plate 113 side) of the liquid chamber
(FIG. 3 shows only the sample introduction chamber 114a
and the filtering chamber 1145) and the liquid channel 112 are
formed to the inner layer 111¢. The bottom part of the liquid
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chamber (the section on the floor side of the liquid chamber,
excluding the aforementioned top part) is formed to the
middle layer 1115. In the middle layer 1115, the surface on
the inner layer 111c¢ side forms the floor 1125 of the liquid
channel 112. The outer layer 111a is disposed to the outer-
most side of the base plate 111, and the surface of the outer
layer 1114 that is on the middle layer 1115 side forms the
floor of the liquid chamber.

This liquid channel device 110 is provided with opening
sections S11~S17 for opening a portion of the liquid channel
112 from the closed mode, and a closing section T11 for
closing a portion of the liquid channel 112 from the open
mode.

In this embodiment, one opening section S11~S17 is dis-
posed to each of the various liquid channels 112 between,
respectively, the sample introduction chamber 1144a and the
filtering chamber 1144; the filtering chamber 11454 and the
metering chamber 114c¢; the metering chamber 114¢ and the
first mixing chamber 114f; then first mixing chamber 114/
and the second mixing chamber 114/; the first reagent cham-
ber 114e and the first mixing chamber 114f; the second
reagent chamber 114g and the second mixing chamber 114/;
and the second mixing chamber 114/ and the measuring
chamber 114i.

The closing section T11 is provided farther downstream
than the opening section S12 on the liquid channel 112 that is
between the filtering chamber 1145 and the metering cham-
ber 114c.

As exemplified by S11 and S12 in FIG. 16, the opening
sections S11~S17 are formed by a resin stopper 115 which is
designed to stop the flow of liquid when disposed inside the
liquid channel 112 so as to cover a portion of the liquid
channel 112, thereby closing this portion of the liquid channel
112. This stopper 115 is made of a plastically deformable
resin. The stopper 115 undergoes plastic deformation by
external pressing on the cover plate 113 in the area where the
stopper 115 is disposed, opening the liquid channel 112 from
the closed mode.

Specifically, as shown by the opening section S11 exem-
plified in FIGS. 17A and 17B, when a load is applied by
pressing in the direction of arrow A from the outside of the
cover plate 113 on the stopper 115 which forms the opening
section S11, the cover plate 113 bends as shown in FIG. 17A,
and the stopper 115 which contacts with the cover plate 113 is
pressed down and undergoes plastic deformation to become
flat. When the load is subsequently removed, then, as shown
in FIG. 17B, the cover plate 113 is restored to its original state
dueto its restorative force. However, the stopper 115 does not
undergo restoration but remains in the flat deformed state. As
aresult, the space between the stopper 115 and the cover plate
113 is again separates, enabling the liquid to flow through.

In the thus-designed opening sections S11~S17, when a
load is applied by applying pressure to the stopper 115 from
the outside of the cover plate 113, the space between the
stopper 115 and the cover plate 113, which had been very
closely adhered, separates due to the pressing to remove the
load. As a result, the liquid channel 112 in this area opens
from the closed state.

As shown in FIG. 18, the closing section T11 of the liquid
channel device 110 is provided with a sealing material supply
chamber 116 which is formed to the base plate 111 and
branches from the liquid channel 112, and a paste-like sealing
material 117 which fills this sealing material supply chamber
116.

As shown by the cross-sectional view in FIG. 19A and the
planar view in FIG. 19B, by applying external pressing on the
cover plate 113 in the area corresponding to the sealing mate-
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rial supply chamber 116, this sealing material 117 passes
through a supply channel 118 which is connected to the
sealing material supply chamber 116 and the liquid channel
112, and is extruded out into the liquid channel 112, thereby
closing this section from the open mode.

Specifically, when a load is applied by pressing from the
outside on the cover plate 113 in the area corresponding to the
sealing material supply chamber 116 as shown by arrow B,
the cover plate 13 bends. As aresult, as shown by arrow C, the
sealing material 117 which fills the sealing material supply
chamber 116 is extruded out into the liquid channel 112 via
the supply channel 118. As a result, the liquid channel 112 is
closed by the extruded sealing material 117, so that the liquid
cannot flow through this section.

Note that in the case of a liquid channel device that can
close from the open mode, the sealing material supply cham-
ber 116 and the liquid channel 112 communicate via the
supply channel 118. In this case as well, it is acceptable to
have the sealing material supply chamber 116 and the liquid
channel 112 directly communicate without forming the sup-
ply channel 118.

As a specific example of a method for formulating the
measured liquid using this type of liquid channel device 110,
anarrangement is provided in which the liquid channel device
110 is positioned so that the sample introduction chamber
114a side is directed upward and the measuring chamber 1147
side is directed downward, so as to facilitate the flow of liquid
from upstream to downstream under the force of gravity.

Next, the sample is sampled with a syringe, and the cover
plate 113 in the area corresponding to the sample introduction
chamber 114 is pierced with the needle of the syringe and the
sample is injected into the sample introduction chamber
114a. Thereafter, the opening section S11 provided in
between the sample introduction chamber 114a and the fil-
tering chamber 1145, i.e., the liquid channel 112 in the area
where the stopper 115 undergoes plastic deformation due to
external pressing on the outside of the cover plate 113, opens,
and the sample is introduced under the force of gravity into
the filtering chamber 1145.

In this case, the pressing operation may be carried out
manually by the operator pressing with his finger. Alterna-
tively, a specific site may be pressed by employing a pressing
device in which the pressing position has been programmed
in advance as XY coordinates.

Once the filtering has been completed at the filtering cham-
ber 1145, the stopper 115 of the opening sections S12 which
is provided in between the filtering chamber 1145 and the
metering chamber 114¢ undergoes plastic deformation in the
same manner. The liquid channel 112 in this area opens, and
the sample is introduced into the metering chamber 114¢
under the force of gravity.

In the metering chamber 114¢, once it is confirmed that the
introduced liquid has begun to overflow, the closing section
T11 which is provided in between the filtering chamber 1145
and the metering chamber 114¢ is operated, and the liquid
channel 112 in this area is closed. Specifically, the cover plate
113 in the area corresponding to the sealing material supply
chamber 116 is pressed as shown by arrow B to apply a load.
The sealing material 117 which fills the sealing material
supply chamber 116 is extruded out into the liquid channel
112, and the liquid channel 112 in this area is closed.

In this way, the liquid from upstream is prevented from
flowing into the metering chamber 114¢, and the opening
section S13 which is provided downstream from the metering
chamber 114c¢ is operated so that the sample quantified at the
metering chamber 114c¢ is introduced into the first mixing
chamber 114/



US 9,283,561 B2

29

The thus-quantified sample is introduced into the first mix-
ing chamber 114f. The opening section S14 which is in
between the first reagent chamber 114¢ and the first mixing
chamber 114fis subjected to plastic deformation in the same
manner as the stopper, to introduce the first reagent into the
first mixing chamber 114f. The sample is then mixed with the
first reagent in the first mixing chamber 114/, to formulate an
intermediate solution.

The opening section S15 which is in between the first
mixing chamber 114f'and the second mixing chamber 114/ is
subjected to plastic deformation in the same manner as the
stopper, to introduce the intermediate solution produced at
first mixing chamber 114f into the second mixing chamber
1144. The opening section S16 which is in between the sec-
ond reagent chamber 114g and the second mixing chamber
114/ is subjected to plastic deformation in the same manner
as the stopper, to introduce the second reagent into the second
mixing chamber 114%. The intermediate solution and the
second reagent are mixed in the second mixing chamber
1144, to formulate the measured liquid.

The opening section S17 which is in between the second
mixing chamber 114/ and the measuring chamber 114/ is
subjected to plastic deformation in the same manner as the
stopper, to introduce the measured liquid formulated in the
second mixing chamber 114/ into the measuring chamber
114i.

Once the measured liquid is introduced into the measuring
chamber 114/, each liquid channel device 110 is supplied to a
detecting and analyzing section, and detection and measure-
ment of the target components is carried out.

It is acceptable to control the flow of liquid, so that it flows
more easily or the accuracy of the flow volume is improved
for example, during the process for formulating the measured
liquid in this way, by suitably opening and closing as needed
the communicating holes, not shown in the figures, which are
provided to the various chambers.

This type of liquid channel device 110 has opening sections
S11~S17 for opening the liquid channel 112 from the closed
mode, and a closing section T11 for closing the liquid channel
112 from the open mode. As a result, it is possible to control
the flow of the liquid in the liquid channel 112. As a result,
highly accurate detection and analysis can be carried out in a
short period of time.

For example, in this embodiment, the closing section T11
is provided upstream and the opening section S13 is provided
downstream from the metering chamber 114c¢. For this rea-
son, the sample can be quickly and accurately quantified at
the metering chamber 114¢, and introduced into the first
mixing chamber 114f. If, hypothetically, the opening section
S13 is not provided downstream from the metering chamber
114c¢ here, then the liquid channel 112 in this section is
continuously in the open state. As a result, the sample con-
tinuously flows out from the metering chamber 114¢ even
during quantification, so that so that a constant amount of
sample cannot be retained. Thus, quantification itself
becomes impossible. When the closing section T11 is not
provided upstream from the metering chamber 114¢, then itis
necessary to introduce the quantified sample into the first
mixing chamber 114fby operating the opening section S13 in
between the metering chamber 114¢ and the first mixing
chamber 114f after the entire amount of sample which has
passed through the filtering chamber 1146 has completely
finished flowing into the metering chamber 114c¢. In this case,
when the sample is a liquid having viscosity, such as blood,
then time is required for the entire sample which has passed
through the filter to completely enter the metering chamber
114c¢. Thus, it becomes difficult to carry out quantification
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within a short period to time. By providing the closing section
T11 to the upstream side of the metering chamber 114c¢ as in
this embodiment, then, even if the entire sample which has
passed through the filtering chamber 1145 is not completely
finished flowing into the metering chamber 114c¢, it is pos-
sible to operate the closing section T11 once the sample
begins to overflow at metering chamber 114c¢, so that further
introduction of the sample into the metering chamber 114¢
can be prevented. Thus, an accurate quantification can be
carried out in a short period of time.

Further, in this embodiment, the opening section S15 is
provided in between the first mixing chamber 114f and the
second mixing chamber 114/, and an opening section S17 is
provided in between the second mixing chamber 114/ and the
measuring chamber 114i. For this reason, the desired mixing
and reactions can be sufficiently carried out in the first mixing
chamber 114f and the second mixing chamber 1144, after
which the opening sections S15, S17 are opened, allowing the
intermediate solution and the measured liquid to be intro-
duced into the second mixing chamber 114/ and the measur-
ing chamber 114;. Thus, it is possible to prevent a deteriora-
tion in the accuracy of detection and analysis that is caused
when the mixing or reaction is insufficient.

In this embodiment, the opening sections S14, S16 are
provided in between the first reagent chamber 114¢ and the
first mixing chamber 114f, and the second reagent chamber
114g and the second mixing chamber 1144. For this reason,
these opening sections can be opened at the desired time,
enabling the first reagent and the second reagent, which were
sealed in advance in the first reagent chamber 114¢ and the
second reagent chamber 114g, to be introduced into the first
mixing chamber 114/ and the second mixing chamber 114/.
If, hypothetically, the opening sections S14, S16 were not
provided, then there is a concern that the first regent and the
second reagent would begin to flow downstream during main-
tenance, etc. of the liquid channel device 110.

Moreover, the opening sections S11~S17 and the closing
section T11 of the liquid channel device 110 of this embodi-
ment have a simple construction and can be formed at low
cost. Thus, liquid channel device 110 can be made to be a
disposable type. Further, the opening and closing operation is
accomplished by means of simple pressing. Thus, operability
is superior.

This type of liquid channel device 110 can be produced by
a method provided with a first step of forming the liquid
channel 112, the liquid chamber, the sealing material supply
chamber 116, and the supply channel 118 to the base plate
111; a second step of forming the stopper 115 at a specific
position on the formed liquid channel 112; and a third step of
laminating the cover plate 113 to the channel formation sur-
face 112a which is on the side of base plate 111 where the
liquid channel 112, etc. is formed.

Note that in the case where the liquid channel device is able
to close from the open mode, then the second step differs from
that above and is for filling the formed sealing material supply
chamber 116 with a sealing material.

The steps for producing the liquid channel device 110 will
be explained by further referencing FIG. 20, which schemati-
cally shows the steps for producing the liquid channel device
110.

In the first step, a roll 120 of sheet 111¢' which forms the
inner layer 111c¢ ofthe base plate 111, aroll 121 of sheet 111%'
which forms the middle layer 1115 of the base plate 111, and
a roll 122 of sheet 1114’ which forms the outer layer 111a of
the base plate 111, are prepared.

Next, sheet 111¢' is continuously supplied from roll 120 of
sheet 111¢' forming the inner layer 111c¢, and a die-cutter
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123a is used to punch out a linear form at the site correspond-
ing to the liquid channel 112, and punch out a hole at the area
corresponding to the top part of metering chamber 114¢ and
the other various liquid chambers. Forms are punched out in
the sheet 111¢' at the sites corresponding to the supply chan-
nel 118 and the sealing material supply chamber 116 in order
to provide this liquid channel device 110 with a sealing mate-
rial supply chamber 116 and a supply channel 118 formed
branching off from part of the liquid channel 112.

Next, sheet 1115' is continuously supplied from roll the
121 of the sheet 1115 forming the middle layer 1115, and a
die-cutter 1235 is employed to punch out holes at the sites
corresponding to the bottom part of the metering chamber
114c¢ and the other various liquid chambers.

Next, sheet 1114’ is continuously supplied from roll 122 of
sheet 111a' forming the outer layer 111a. Next, the various
sheets 1114d', 1115' and 111¢' are sequentially laminated to
form the base plate 111.

Here, it is preferable that the various sheets 111a', 1115,
and 111¢' be adhered together by means of an adhesive sup-
plied from an adhesive supplying device not shown in the
figures. However, depending on the material of the various
sheets 111a',1115' and 111¢, it is also acceptable to stick the
sheets together using heat fusion or the like. In addition, it is
also acceptable to employ a sheet coated with an adhesive or
the like.

A process is employed for the first step in this way in which
the various sheets 111a', 1115, and 111¢' from respective
rolls 120,121, and 122 are supplied, punch-outs in respective
specific shapes are formed in sheets 1115' and 111¢', and
these sheets 111a', 1115' and 111¢' are sequentially laminated
and adhered. As aresult, it is possible to continuously produce
multiple base plates 111 in which a liquid channel 112 and
liquid chambers are formed. This type of method has reduced
production costs and enables large scale production easily as
compared to a method in which, for example, lithography or
machining, is used to form the liquid chambers and liquid
channel in respective base plates comprising a single flat base
plate, or a method in which injection molding or the like is
used to form a base plate in which liquid chambers and a
liquid channel are formed. Accordingly, this method is ideal
from an industrial perspective.

Note that a method in which specific shapes are punched
out in sheets 1115' and 111¢' to form the liquid channel 112
and the liquid chambers, etc., is low cost and superior in
productivity. However, it is also acceptable to use other meth-
ods (lasering, drilling using a knife, etc., heating) to form the
liquid channel 112 and liquid chambers by opening specific
shapes in the sheets 1115 and 111¢".

Further, this embodiment shows a three-layer design for
the base layer 111 of the liquid channel device 110 compris-
ing the outer layer 111a, the middle layer 1115, and the inner
layer 111¢. However, it is also acceptable to employ a two
layer design comprising the outer layer 111a and the inner
layer 111c. In this case, the liquid channel 112, liquid cham-
bers, supply channel 118, and sealing material supply cham-
ber 116 are formed to the sheet 111¢' forming the inner layer
111c. In this case, the depth of the liquid chambers and the
liquid channel 112 formed are the same.

The sealing material supply chamber 116 is formed to the
sheet 111¢' which forms the inner layer 111¢. However, par-
ticularly in the case of a liquid channel device which can close
from the open mode, the top part of the sealing material
supply chamber may be formed to the sheet 111¢' which
forms the inner layer 111¢, the bottom part of the sealing
material supply chamber may be formed to the sheet 1115'
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which forms the middle layer 1115, and the sealing material
supply chamber may be formed to have the same depth as the
liquid chambers.

Examples of materials for the various sheets 1114, 1115',
and 111¢' forming the outer layer 111a, the middle layer
1114, and the inner layer 111c¢ of the base plate 111 include
such resins as styrene resin, acrylic resin, polycarbonate
resin, vinyl chloride resin, PEN resin, polyester resin, epoxy
resin, phenol resin, ABS resin, polypropylene resin, fiber-
reinforced plastic or the like. Among these, styrene resin,
acrylic resin, polycarbonate resin, vinyl chloride resin, PEN
resin, and polyester resin are preferred because they are trans-
parent and enable visual inspection of the condition of the
liquid flowing through the liquid channel 112.

Note that in this embodiment, examples of resins were
disclosed for the sheet material in order to explain an optimal
method for producing a liquid channel device 110 when
employing a resin roll as the base plate 111. However, the
production method is not particularly restricted. For example,
when it is necessary to stably support the liquid channel
device, then a non-resin transparent material, such as a glass
plate, may be employed for the base plate, and a method such
as machining may be applied to this material to form the
liquid channel and the liquid chambers.

The thickness of the various sheets 111a', 111", and 111¢'
can be suitably designed. However, in the case of the liquid
channel device 110 in the figures, the thickness of the sheet
111¢' forming the inner layer 111¢ corresponds to the depth of
the liquid channel 112 which is formed, and the sum of the
thicknesses of the sheet 111¢' forming the inner layer 111¢
and the sheet 1115' forming the middle layer 11154 corre-
sponds to the total depth of the liquid chambers. Thus, the
thicknesses of the sheet 1115' and sheet 111¢' are determined
after taking into consideration the depth required for the
liquid chambers and the liquid channel 112.

Specifically, the thickness of the sheet 1114' is preferably
in the range of 25~500 pm, and the thickness of the sheet
111" is preferably in the range of 10~300 pm.

Further, in this embodiment (i.e., the case where the cover
plate 113 is pressed), when the thickness of the sheet 1114’ is
preferably 50 pm or greater, or more preferably in the range of
100~1000 pm, then sheet 111" sufficiently functions as a
support layer for the liquid channel device 110.

The width of the liquid channel 112, and the capacity and
shape of the various chambers and the sealing material supply
chamber 116 are not particularly restricted and may be opti-
mally designed. For example, the width of the liquid channel
112 is preferably in the range of 25~2,000 um and more
preferably in the range of 500~2,000 pm, and the capacity of
the liquid chamber is preferably in the range of 50~50,000 ul
and more preferably in the range of 100~1,000 pl.

However, with regard to the waste solution chamber 1144
and the like, there is not a particularly optimal capacity; rather
these may be freely designed according to the function of the
various chambers.

Note that in the case of a liquid channel device which can
close to the open mode, the thickness of'the 111¢ forming the
inner layer 111¢ corresponds to the depth of the sealing mate-
rial supply chamber 116 and the supply channel 118 which
are formed.

Next, in the case of a liquid channel device which can open
from the closed mode, the second step of forming a stopper
115 to a part of the liquid channel 112 which was formed to
the base plate 111 in the first step above, i.e., to the various
positions at which the opening sections S11~S17 are pro-
vided, is carried out.
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In this second step, the stopper 115 is formed using a
method in which a stopper forming material for forming the
stopper 115 is coated to specific positions on the liquid chan-
nel 112 of a continuously supplied base plate 111 using a
coating device 124a such as a printer (a screen printer, for
example), dispenser, coater (roll coater, knife coater) or the
like.

Next, in the second step in the case of a liquid channel
device capable of closing from the open mode, a stopper 115
is formed to the part of the liquid channel 112 which was
formed to the base plate 111 in the first step above, i.e., to the
various positions at which the opening sections S11~S17 are
provided, and the sealing material supply chamber 116 which
was formed to the base plate 111 in the first step is filled with
the sealing material 117.

The formation of the stopper 115 is carried out using a
method which employs a coating device 124a such as a
printer (screen printing, for example), dispenser, coater (roll
coater, knife coater) or the like, to coat a stopper forming
material for forming stopper 115 to specific positions on the
liquid channel 112 of a continuously supplied base plate 111.

The stopper forming material is not particularly restricted
as long as it is a material which is not mutually reactive with
the liquid flowing through the liquid channel 112, which can
stop the liquid with assurance when in the closed state and
which will undergo plastic deformation when subjected to
pressing. For example, a resin composition including a resin
component, a plastic component, a filler and a solvent, may be
used. Further, when employing a dispenser as the coating
device 1244, the viscosity of the resin composition is prefer-
ably in the range of 30~500 dPa-s. When employing a screen
printer or the like, the viscosity of the resin composition is
preferably in the range of 50~500 dPa-s.

From the perspective of sealing strength, stability, solubil-
ity, coating properties (printability, dispensability, etc.) and
the like, it is optimal to employ as the resin component, a resin
for which, preferably, the glass transition temperature is —10°
C. or less and weight average molecular weight is 300,000 or
less. Types of resins which may be cited include ester resins,
such as epoxy resin, polyester resin, chloride resins, acrylic
resins, and phthalates. One or more of these resins may be
used.

A plasticizer for which the glass transition temperature is
30°C. orless is optimally employed as the plastic component.
Types of plasticizers which may be cited include thermoplas-
tic resins which a low melting point such as hard resin type
resins, epoxy resins, polyester resins and the like. One or
more of these plasticizers may be employed.

The filler is added to adjust the viscosity and formability of
the stopper forming material. Suitable examples that may be
cited include barium sulfate sediment, talc, needle silicon
oxide, hollow beads, etc. One or more of the aforementioned
may be employed.

A stopper formed from a resin composition which incor-
porates hollow beads (made of glass, resin, etc.) not only
undergoes plastic deformation but also may experience
breaking and destruction of the hollow beads. As a result, the
volume of the stopper will decrease by the proportion of
broken hollow beads. For this reason, a stopper which uses
hollow beads undergoes a flatter plastic deformation when
subjected to pressing and crushing, so that the liquid can flow
more readily when in the open state.

A solvent is incorporated in order to adjust the viscosity of
the stopper forming material, and any suitable organic solvent
may be employed therefor. Note that as long as printing or
other such coating is possible without including a solvent,

20

40

45

34

then it is acceptable, and even desirable, not to include a
solvent in the stopper forming material.

By employing a method for coating the stopper formation
material using a printing, dispensing or coating method in this
way, the stopper 115 can be continuously formed to specific
sites with good efficiency.

In the second step, the coating device 1245 was used to fill
the sealing material supply chamber 116 forming the stop-
ping part T11 with a paste-like sealing material 117. Provided
that the method employed is one which coats the sealing
material 117 using the aforementioned printing method, dis-
penser method, or coating method, then it is possible to con-
tinuously and efficiently fill a specific site with the sealing
material 117.

Any material may be employed for the paste-like sealing
material 117 provided that it is one which does not have a
reciprocal action with the liquid flowing through the liquid
channel 112 and that it is a material which, when pressed
down, can seal the liquid channel 112. For example, a resin
composition is optimally employed which includes a resin
component, a plastic component, and a filler, and which has,
for example, a viscosity of 30~500 dPa-s. In addition, the
resin composition is preferred that ultimately has a coefficient
of extension which is 500% or more.

From the perspective of coating properties (printability,
dispensability, etc.), fluidity, sealing ability, stability and the
like, it is optimal to employ as the resin component, a resin
which preferably has a glass transition temperature of —40° C.
or less and a weight average molecular weight of 50,000 or
less. Examples of types of such resins include ester resins
such as epoxy resins, polyester resins, chlorine containing
resins, acrylic resins, phthalate and the like. One or more of
these may be used.

A plasticizer having a glass transition temperature of 30°
C. or less is optimally employed for the plastic component.
Examples of types of plasticizer include thermoplastic resins
having a low melting point such as hard resin-type resins,
epoxy resins, and polyester resins. One or more plasticizers
may be used.

The filler is added to adjust the viscosity of the sealing
material 117 and to render the sealing material 117 into a form
which readily seals the liquid channel 112 when the sealing
material 117 is pressed into the liquid channel 112. Fiber
pieces, body pigments, and thixotropy adding agents may be
used. Specifically, fumed silica such as AEROSIL (product
name, Nippon Aerosil), barium sulfate sediment, or talc can
be preferably used.

After coating the stopper forming material and the sealing
material 117 to the respective specific sites in this way, vari-
ous steps not shown in the figures, such as a heat drying step,
curing step, etc. are carried out as needed based on the stopper
forming material and sealing material 117 compositions.

Next, in the third step, the sheet 113" which forms the cover
plate 113 is laminated and adhered to the channel formation
surface 112a of the base plate 111. It is desirable in this case
to continuously supply the sheet 113' forming the cover plate
113 from the roll 125. Further, while it is desirable to adhere
the base plate 111 and the sheet 113' using an adhesive agent
supplied from an adhesive agent supplying device, not shown
in the figures, it is also acceptable, depending on the materi-
als, to paste together the base plate 111 and the sheet 113'
using heat fusion, etc. As a result, it is possible for a plurality
of liquid channel devices 110 to produce a continuously
linked body.

The thus-produced continuous body from the liquid chan-
nel device 110 may be wound as shown in FIG. 20 to form a
roll 126, or may be folded over. Further, it is also acceptable
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to render the continuous body into separate sheet-type forms
by cutting each. In the case of the roll 126 or the folded forms,
it is acceptable to carry out a step in which a perforation or
concave-type line is formed in between the various liquid
channel devices 110. As a result, folding over the continuous
body between the various liquid channel devices 110, or
bending the continuous bodies from the liquid channel device
110 becomes easy. In addition, it also becomes easy to cut out
separate sheet type forms.

Note that cover plate 113 bends when a pressing load is
applied as shown by the arrow A in FIG. 17A, and returns to
its original state due to its restorative force when that load is
subsequently removed. Provided that cover plate 113 is as
described, then the material and thickness thereof are not
particularly restricted. Examples of materials which may be
cited include resins such as styrene resin, acrylic resin, poly-
carbonate resin, vinyl chloride resin, PEN resin, polyester
resin, epoxy resin, phenol resin, ABS resin, polypropylene
resin, fiber-reinforced plastic-type resins or the like. Among
these, styrene resin, acrylic resin, polycarbonate resin, vinyl
chloride resin, PEN resin, and polyester resin are preferred
because they are transparent and enable visual inspection of
the condition of the liquid flowing through the liquid channel
112. In the case of a liquid channel device which opens from
the closed mode, a thickness in the range of 15~300 um is
preferred as this provides flexibility and restorative force to
the cover plate 113.

In the case of a liquid channel device which closes from the
open mode, a thickness in the range 0of30~500 pum is preferred
for the cover plate 113.

In the third step, prior to laminating and adhering the cover
plate 113 to the channel formation surface 112a of the base
plate 111, it is preferable to first carry out a releasing treat-
ment by coating a releasing agent containing a silicon com-
ponent or the like to the part 1134 of the cover plate 113 that
contacts the stopper 115. By applying a releasing agent in this
way, it is possible to quickly separate the cover plate 113 and
the stopper 115 when removing the load shown by arrow A
(FIG. 17B), and easily transition to the open state. It is pref-
erable to carry out an adhesive treatment by coating an adhe-
sive agent to the floor 1125 of the liquid channel 112 in the
area that is in contact with the stopper 115. By doing so, the
stopper 115 adheres with certainty to this area, making it
possible to more smoothly separate the stopper 115 from the
cover plate 113 side accompanying the above-described
releasing treatment.

Note that the above explanation exemplified a design for
the stopper 115 forming the opening parts S11~S17 in which
the stopper 115 undergoes elastic deformation due to external
pressing on the cover plate 113, thereby opening the liquid
channel 112 from the closed mode. However, it is also accept-
able to provide a design in which the stopper 115 undergoes
plastic deformation due to an external pressing on the floor
1124 of the liquid channel 112 at the area where the stopper
115 is disposed. In this case, it is necessary to design the
middle layer 1115 and the outer layer 111a forming the base
plate 111 to bend when a pressing load is applied, and to
return to their original forms under their restorative force
when the load is subsequently removed. In this case (i.e., the
case where pressing is applied to the bottom part 1125), it is
ideal when the thickness of the sheet 1114’ is preferably in the
range of 10~300 pum, and more preferably in the range of
15~200 pm.

In addition, in this case, it is preferable to carry out an
adhesive treatment to the part 1134 of the cover plate 113 that
is in contact with the stopper 115, and to carry out a releasing
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treatment to the part of the floor 1125 of the liquid channel
112 that is in contact with the stopper 115.

Similarly, the above explanation exemplified an arrange-
ment in which the liquid channel 112 is sealed by causing a
sealing material 117 to extrude out due to external pressing on
the cover plate 113 in the area corresponding to the sealing
material supply chamber 116, as shown in FIG. 19A and FIG.
19B. However, it is also acceptable to provide an arrangement
in which the sealing material 117 is extruded out through
external pressing on the floor 116a of the sealing material
supply chamber 116. In this case, it is necessary to design the
middle layer 1115 and the outer layer 111a forming the base
plate 111 to bend when a pressing load is applied.

Fifth Embodiment

FIG. 21 is a planar perspective drawing schematically
showing a liquid channel device 110A according to a fifth
embodiment. FIG. 22 is a planar perspective drawing in
which a portion of the liquid channel device 110A in FIG. 21
has been enlarged. FIG. 23 is a cross-sectional view along the
line I-I' in FIG. 22.

A square base plate 111A, formed of a flat plate, and a
cover plate 113 A, formed to the channel formation surface
112a on the side of the base plate 111A where the liquid
channel 112 is formed, are laminated together in this liquid
channel device 110A. The remainder of the design is equiva-
lent to that of the fourth embodiment and will therefore be
omitted from the discussion.

The base plate 111 A of this liquid channel device 110A is
made of a plurality of layers as shown in FIG. 23. Specifically,
the base plate 111A has a three-layer design comprising an
outer layer 111a, a middle layer 1115 laminated to the inside
of'the outer layer 111a, and a inner layer 111¢ laminated to the
inside of the middle layer 11154.

The top part (the portion of the liquid chamber on the cover
plate 113A side) of the liquid chambers (only sample intro-
duction chamber 114¢ and filtering chamber 11456 are shown
in FIG. 23) and the liquid channel 112 are formed to the inner
layer 111c.

The bottom part (the portion other than the aforementioned
top part, the portion on the floor side of the liquid chambers)
is formed to the middle layer 1115. The surface of the middle
layer 1115 on its inner layer 111¢ side forms the floor 1125 of
the liquid channel 112.

The outer layer 111a is disposed to the outermost side of
the base plate 111A, and its surface that is on the middle layer
11154 side forms the floor of the liquid chambers.

The cover plate 113A is also made of plural layers. Spe-
cifically, the cover plate 113 A has a two-layer design com-
prising the outer layer 113a and the inner layer 1135 which is
laminated to the inside of the outer layer 113a.

As in the case of the fourth embodiment, this liquid channel
device 110A is provided with opening sections S11~S17 for
opening a portion of the liquid channel 112 from the closed
mode, and the closing part T11 for closing a portion of the
liquid channel 112 from the open mode. The design of the
opening parts S11~S17 and the closing part T11 are the same
as that of the fourth embodiment, therefore an explanation
thereof is omitted here.

In this embodiment, the opening sections S11~S17 are
equipped with a resin stopper 115 inside the liquid channel
112 which is disposed so as to seal a portion of the liquid
channel 112 and stop the flow of liquid, thereby closing that
portion of the liquid channel 112, as explained by the example
of'S11 and S12 in FIG. 23. A concave section 151 capable of
housing the stopper 115 is formed to a site opposite the
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stopper 115 on the inner surface of the cover plate 113A.
Specifically, in this embodiment, the concave section 151 is
formed by opening a punch-out or the like in the inner surface
1134 of the cover plate 113A.

As shown by the expanded view in FIG. 24A, when in the
closed state, the portion (bottom) of the stopper 115 of this
embodiment which is in contact with the floor 1125 of the
liquid channel 112 is fixed in place to the floor 1125 of the
liquid channel 112 by means of a weakly adhered layer 115a.
Further, the height of the stopper 115 is formed to be slightly
greater than the height of the liquid channel 112, with the top
part 1155 side being disposed inside the concave section 151
in a more or less watertight engagement.

A strongly adhered layer 1164, which has a larger adhesive
strength than the weakly adhered layer 1154, is formed to a
position opposite the top part 1155 of the stopper 115 in the
concave section 151.

By applying an external pressing force to the floor 1125 of
the liquid channel 112 or the cover plate 113A in the area
where the opening sections S11, S12 are provided (i.e., the
area corresponding to the stopper 115 or the concave section
151), the stopper 115 moves from the liquid channel 112 into
the concave section 151, thereby opening the liquid channel
112 from the closed mode.

Specifically, as shown by the example of opening section
S11in FIG. 25A and FIG. 25B, the cover plate 113 A bends as
shown in FIG. 25A when an external pressing load as shown
by arrow A is applied to the cover plate 113A. As a result, the
strongly adhered layer 116a of the concave section 151 and
the top part 1155 of the stopper 115 come into contact and
become adhered. When the load is subsequently removed, the
cover plate 113 A returns to its original state due to its restor-
ative force, as shown by FIG. 25B. Accompanying this, the
stopper 115 which is adhered in the concave section 151 by
the action of the strongly adhered layer 116a separates from
the floor 1125 of the liquid channel 112, and is thereby housed
inside the concave section 151. As a result, the stopper 115
separates from the floor 1125 of the liquid channel 112,
allowing the liquid to flow.

After a load has been applied by external pressing on the
cover plate 113A in the area of provision of the opening
sections S11~S17, a pressing operation is employed to the
remove the load from these opening sections S11~S17. As a
result, the stopper 115 moves from the liquid channel 112 into
the concave section 151. As a result, the liquid channel 112 in
that area opens from the closed mode.

Note that in FIGS. 25A and 25B, a load is applied to the
cover plate 113A by external pressing. However, it is also
acceptable to move the stopper 115 from the liquid channel
112 into the concave section 151 by pressing on the floor 1126
of the liquid channel 112 in the area of provision of the
opening section S11, i.e., by applying an external pressing to
the base plate 111A.

In addition, in FIGS. 25A and 25B, the weakly adhered
layer 1154 remains on the floor 1125 side of the liquid chan-
nel 112 after the liquid channel 112 has been opened. How-
ever, itis also acceptable for the weakly adhered layer 1154 to
remain in the adhered state on the stopper 115 side.

The closing section T11 of the liquid channel device 110A
is provided with a resin stopper 150 as shown in FIG. 24B.
This stopper 150 is housed inside the concave section 152
which is formed on the inner surface of the cover plate 113A.
Specifically, in this embodiment, the concave section 152 is
formed by punching out the inner layer 1135 of the cover plate
113A to form a hole. The stopper 150 is housed inside the
concave section 152.
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In the stopper 150 of this embodiment, when in the open
state, the top part 1175 adheres in the concave section 152 due
to the weakly adhered layer 117a, and is housed therein. The
height of the stopper 150 is formed to be slightly greater than
the height of the liquid channel 112. When the liquid channel
112 is in the closed state as described below, then the top part
11756 side is designed to be engaged in a more or less water-
tight manner within the concave section 152.

The strongly adhered layer 118a is formed to a position
opposite the bottom part of the stopper 150 in the floor 1125
of'the liquid channel 112.

Further, the stopper 150 moves from within the concave
section 152 into the liquid channel 112 by means of external
pressing to the cover plate 113 A or the floor 1125 of liquid
channel 112 at the area of provision of the closing section T11
(at the area corresponding to the stopper 150 and the concave
section 152), thereby closing the liquid channel 112 from the
open mode.

Specifically, as shown in FIGS. 26 A and 26B, when a load
is applied as shown in the direction of arrow B from the
outside onto cover plate 113A, then the cover plate 113A
bends as shown in FIG. 26A. As aresult, the strongly adhered
layer 118a on the floor 1125 of'the liquid channel 112 and the
bottom part of the stopper 150 come into contact and adhere.
When the load is subsequently removed, then the cover plate
113 A returns to its original state due to its restorative force. In
this case, the stopper 150 does not accompany the cover plate
113 A, but remains adhered to the floor 1125 of the liquid
channel 112 due to the action of the strongly adhered layer
118a. Even if the cover plate 113 A returns to its original state,
the stopper 150 does not accompany it, but rather remains
adhered to the liquid channel 112. As a result, the liquid
channel 112 is closed by the stopper 150, so that liquid cannot
flow through that portion. In this case, as described above, the
top part 1175 of the stopper 150 enters a state of more or less
watertight engagement within the concave section 152.

In a closing section T1 of this kind, once a load has been
applied by means of a pressing force from the outside on the
cover plate 113 at the area of provision of the closing part T11,
the stopper 150 moves from within the concave section 152 to
the liquid channel 112 as a result of pressing to remove the
load. As a result, the liquid channel 112 closes from the open
mode.

Note that in FIGS. 26A and 26B, a load is applied by
pressing the cover plate 113 A from the outside. However, it is
also acceptable to move stopper 150 into the liquid channel
112 in the same manner by external pressing of the floor 1126
of the liquid channel 112, i.e., from the outside of the base
plate 111A, in the area of provision of the stopping section
T11.

Further, in FIGS. 26A and 26B, the weakly adhered layer
117a remains on the concave section 152 side once the liquid
channel 112 is closed. However, it is also acceptable for the
weakly adhered layer 117a to remain adhered on the stopper
150 side.

In a specific method for formulating a measured liquid
employing this type ofliquid channel device 110A, the liquid
channel device 110A is placed so that the sample introduction
chamber 114q is disposed in the upward direction and the
measuring chamber 114/ is disposed in the downward direc-
tion, with the liquid then flowing under gravity from the
upstream to the downstream side.

Next, the sample is sampled using a syringe and the cover
plate 113 A in the area corresponding to the sample introduc-
tion chamber 114a is pieced with the syringe needle, to inject
the sample into the sample introduction chamber 114a. Next,
a pressing operation as described above is applied to the
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opening section S11 which is provided in between the sample
introduction chamber 114a and the filtering chamber 1145,
i.e.,aload is applied by pressing on the cover plate 113 A oron
the bottom portion of the liquid channel 112. An operation to
remove the load is subsequently carried out, causing the stop-
per 15 to move within the concave section 151. The liquid
channel 112 in this area opens from the closed mode, and the
sample is introduced as far as the filter tank 1145 under the
force of gravity.

In this case, pressing may be performed with the operator’s
finger, or a pre-programmed pressing device in which the
pressing site is defined by X,Y coordinates may be employed
to press a specific position.

Next, once filtering is carried out at filtering chamber 1145,
then the liquid channel 112 in the area of opening section S12
provided in between the filtering chamber 1145 and the
metering chamber 114c¢ is opened by similarly moving the
stopper 115 within the concave section 151, thereby introduc-
ing the sample into the metering chamber 114¢ under the
force of gravity.

Next, once the beginning of overflow of the introduced
liquid is confirmed at metering chamber 114c, the stopper 150
is moved from the concave section 152 into the liquid channel
112 at closing section T11 which is provided in between the
filtering chamber 1145 and the metering chamber 114c,
thereby closing the liquid channel 112 in this area.

In this way, the further introduction of liquid from
upstream into the metering chamber 114c¢ is prevented, after
which the opening section S13 which is provided downstream
from the metering chamber 114c¢ is operated to introduce the
sample quantified at metering chamber 114¢ into the first
mixing chamber 114/

The thus-quantified sample is introduced into the first mix-
ing chamber 114f, and the opening section S14 which is in
between the first reagent chamber 114¢ and the first mixing
chamber 114f7s opened in the same manner. The first reagent
is introduced into the first mixing chamber 114/, and the
sample and the first reagent are mixed in the first mixing
chamber 114/, to formulate an intermediate solution.

Next, the opening section S15 which is in between the first
mixing chamber 114f'and the second mixing chamber 114/ is
transitioned to the open state in the same manner. The inter-
mediate solution which was formulated in the first mixing
chamber 114f1is introduced into the second mixing chamber
1144. The opening section S16 which is in between the sec-
ond reagent chamber 114g and the second mixing chamber
114/ is transitioned to the open state in the same manner, and
the second reagent is introduced to the second mixing cham-
ber 114/. The intermediate solution and the second reagent
are mixed in the second mixing chamber 114/ to formulate a
measured liquid.

Next, the opening section S17 which is in between the
second mixing chamber 114/ and the measuring chamber
114 is transitioned to the open state in the same manner. The
measured liquid which was formulated in the second mixing
chamber 114/ is introduced into the measuring chamber 114/

Next, after the measured liquid is introduced into the mea-
suring chamber 114, the liquid channel device 110A is sup-
plied to the detector and analyzer, and detection and measure-
ment of the desired component is performed.

Note that in the process for formulating the measured lig-
uid in this way, the continuous holes, not shown in the figures,
which are provided to the various liquid chambers are suit-
ably opened and closed as necessary. As a result, the liquid
flows easily, the accuracy of the liquid volume is improved
and control of the flow of the liquid may be carried out.
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As in the case of the previously described liquid channel
device 110 according to the fourth embodiment, this liquid
channel device 110A is provided with the opening sections
S11~S17, the closing section T11 which transitions from the
open to the closed state, and the opening sections S15, S14,
and S16. As aresult, this liquid channel device 110A provides
the same effects as the liquid channel device 110.

The liquid channel device 110A of this embodiment, i.e., a
liquid channel device 110A in which the cover plate 113A is
formed of two layers, and the concave section 151,152 are
formed to the cover plate 113A, is formed by the flowing
method.

In other words, the liquid channel device 110A can be
produced by means of a first step in which the liquid channel
112 and the liquid chamber are formed to the base plate 111 A,
and concavities 151,152 are formed to the cover plate 113A;
a second step in which a stopper 115 forming the opening
sections S11~S17 are formed to a portion of the liquid chan-
nel 112, and a stopper 150 forming the closing sections T11 is
formed inside the concave section 152 of the cover plate
113 A; and a third step in which the surface of the cover plate
113 A on which the concavities 151,152 are formed is lami-
nated to the channel formation surface 112a on the side of the
base plate 111A on which the liquid channel 112 and the like
are formed.

The method for producing the liquid channel device 110A
will now be explained by referencing FIG. 27 that schemati-
cally shows the production method for a liquid channel device
110A.

In the first step, a roll 120 of sheet 111¢' which forms the
inner layer 111c¢ of the base plate 111A, a roll 121 of sheet
1114 which forms the middle layer 1115, and a roll 122 of
sheet 111a' which forms the outer layer 111a of the base plate
111A, are prepared in advance.

Next, sheet 111¢' is continuously supplied from the roll 120
of'the sheet 111¢' forming the inner layer 111¢ and die-cutter
123a is used to punch out linear shapes at sites corresponding
to the liquid channel 112 and to punch out areas correspond-
ing to the top part of the metering chamber 114¢ and other
various liquid chambers in the shape of a hole.

Next, sheet 1115' is continuously supplied from the roll
121 of the sheet 111¢' forming the middle layer 1116 and
die-cutter 1235 is used to punch out holes at sites correspond-
ing to the bottom portion of the metering chamber 114¢ and
other various liquid chambers.

Next, sheet 1114' is continuously supplied from the roll
122 of the sheet 1114’ forming the outer layer 111a and the
various sheets 111a', 1115' and 111¢" are sequentially lami-
nated to form the base plate 111A.

Here, it is preferable that the various sheets 1114', 1115'
and 111¢' be adhered using an adhesive agent that is supplied
from the adhesive agent supplying device not shown in the
figures. However, depending on the material of each of the
sheets 111a', 1115, 111¢, it is also acceptable to attach the
sheets together using heat fusion. It also acceptable to use a
sheet coated with a binder or adhesive agent.

In the first step, a roll 125 of sheet 1135' which forms the
inner layer 1135 of the cover plate 113A, and a roll 126 of
sheet 1134’ which forms the outer layer 113a of the cover
plate 113A are prepared in advance. Next, sheet 1135 is
continuously supplied from the roll 125 of the sheet 113%'
forming the inner layer 1135 and die-cutter 123c¢ is used to
punch out sites corresponding to concavities 151,152.

Next, sheet 1134' is continuously supplied from the roll
126 of the sheet 1134' forming the outer layer 113a of the
cover plate 113A, and the cover plate 113A is produced by
laminating the various sheets 1134',1135".
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Here, it is preferable that the various sheets 1134',1135' be
adhered using an adhesive agent that is supplied from the
adhesive agent supplying device not shown in the figures.
However, depending on the material of each of the sheets
113a', 1135' it is also acceptable to attach the sheets together
using heat fusion. It also acceptable to use a sheet coated with
paste or adhesive agent.

As a first step in this way, the various sheets 1114, 1115',
111c¢', 1134, 1134' are supplied from the various rolls 120,
121, 122, 125, 126, specific forms are punched out from
sheets 1114',111¢',1134', and the various sheets 111a',1115',
and 111¢' are subsequently laminated in sequence and
adhered. In addition, when employing a process in which the
sheets 1134' and 1134' are laminated and adhered, it is pos-
sible to continuously produce a plurality of base plates 111A
in which the liquid channel 112, liquid chambers and the like
are formed, and a plurality of cover plates 113A in which
concavities 151,152 are formed.

A method of this type offers low production costs and
enables simple and large volume production, and is suitable
for industrial applicability, as compared to a method in which
photolithography, cutting or the like is employed to form the
liquid chambers, liquid channel or concavities to the base
plate or the cover plate made of a single plate, or a method in
which injection molding or the like is used to form the base
plate or the cover plate in which the liquid chambers, liquid
channel or concavities are formed.

Note that a method in which the sheets 1114', 111¢', 1135'
are punched out in a specific shape to form the liquid channel
112, liquid chambers and concavities 151, 152, etc., is excel-
lent with respect to productivity at low cost. However, it is
also acceptable to employ other methods (laser, drilling with
a kaife, heat working, etc.) to form the liquid channel 112,
liquid chambers, concavities 151, 152 and the like by opening
specific shapes in the sheet 1114', 111¢', 1135".

This embodiment showed a design in which the base plate
111A of the liquid channel device 110A is made of three
layers including the outer layer 111a, middle layer 1115, and
inner layer 111c. However, it is also acceptable to make the
base plate 111A of the liquid channel device 110A of two
layers including the outer layer 1114 and the inner layer 111c.
In this case, the liquid channel 112 and the liquid chambers
are formed on top of the sheet 111¢' which forms the inner
layer 111c. In this case, the depth of the liquid channel 112
and the liquid chambers which are formed is the same.

Examples of resins which may be used for the material of
the various sheets 1114', 1115', 111¢' forming the outer layer
111a, middle layer 1115, inner layer 111c¢ of the base plate
111A, and the various sheets 1134, 1135' forming the outer
layer 113a and inner layer 1136 of the base plate 113A
include styrene resin, acrylic resin, polycarbonate resin, vinyl
chloride resin, PEN resin, polyester resin, epoxy resin, phenol
resin, ABS resin, polypropylene resin, fiber-reinforced plastic
or the like. Among these, styrene resin, acrylic resin, poly-
carbonate resin, vinyl chloride resin, PEN resin, and polyester
resin are preferred because they are transparent and enable
visual inspection of the condition of the liquid flowing
through the liquid channel 112.

Note that in this embodiment, a resin roll was employed as
the material for the base plate 111A and cover plate 113A, and
various resins were cited as examples of the sheet material in
order to explain the optimal method for producing the liquid
channel device 110A in this case. However, the production
method is not limited thereto. For example, in the case where
it is necessary to stably support the liquid channel device, it is
also possible to use transparent materials such as glass other

20

25

40

45

55

42

than resins, and to form the liquid channel, liquid chambers,
concavities and the like by suitably employing machining or
the like thereto.

The thickness of the various sheets 1114',1115', 111¢' may
be suitably designed. In the case of the liquid channel device
110A shown in the figures, the thickness of the sheet 111¢'
forming the inner layer 111c¢ corresponds to the depth of the
liquid channel 112 which is formed. The sum of the thickness
of'the sheet 111¢' forming the inner layer 111¢ and the thick-
ness of the sheet 1115' forming the middle layer 1115 corre-
sponds to the total depth of the channels. Thus, the thickness
of the sheet 1115' and the sheet 111¢' is decided after taking
into consideration the depth obtained from the liquid cham-
bers, liquid channel 112, etc.

Specifically, the thickness of the sheet 1114' is preferably
in the range of 25~500 pm, and the thickness of the sheet
111" is preferably in the range of 10~300 pm.

Further, when operating the opening sections S11~S17 and
closing section T11 by pressing on the cover plate 113A, the
thickness of the sheet 1114' is preferably 50 wm or more, and
more preferably in the range of 100~1000 um. When the
thickness of the sheet 1114’ is in this range, the sheet 1114
sufficiently functions as a support layer for the liquid channel
device 110A. Conversely, in the case where a pressing force is
applied to the base plate 111A, itis required that the base plate
111 A bend when a load is applied via pressing and that it have
restorative force to return to its original state when the load is
subsequently removed. In this case, a thickness in the range of
10~300 pm is preferred.

The width of the liquid channel 112, and the capacity and
shape of the various chambers are not particularly restricted
and may be suitably set. For example, the width of the liquid
channel 112 is preferably in the range of 25~2,000 um, and
more preferably in the range of 500~2,000 pm. The capacity
of'the liquid chamber is preferably in the range of 50~50,000
ul, and more preferably in the range of 100~1,000 pl.

However, with regard to the waste solution chamber 1144
and the like, there is not a particularly optimal capacity; rather
these may be freely set according to the function of the vari-
ous chambers.

The thickness of the various sheets 1134', 1135' may be
suitably designed. In the case of the liquid channel device
110A shown in the figures, the thickness of the sheet 1134'
forming the inner layer 1135 corresponds to the depth of the
concavities 151,152 that are formed. Thus, the thickness of
the sheet 1134’ is decided after taking into consideration the
depth obtained from the concavities 151,152. Further, as
shown in FIGS. 25A, 25B and FIGS. 26 A, 26B, when oper-
ating the opening sections S11~S17 and closing section T11
by pressing on the cover plate 113A from the outside, it is
required that the sheets 1134', 113%' bend when a load is
applied via pressing and that they have restorative force to
return to their original state when the load is subsequently
removed. Accordingly, it is necessary to take this fact into
consideration as well when determining the thickness of these
sheets.

In the case where the cover plate 113 A is subjected to a
pressing force, the thickness of the sheet 1134’ is preferably in
the range of 10~300 pm, and the thickness of the sheet 1134'
is preferably in the range of 25~500 pm. Conversely, in the
case where the cover plate 111A is subjected to a pressing
force, the thickness of the sheet 1134’ is preferably 50 um or
more.

Next, prior to carrying out the second step, in the case of the
liquid channel device 110A of this embodiment, an adhesive
layer formation step, not shown in the figures, is carried out in
which weakly adhered layers 115a, 117a and strongly
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adhered layers 116a, 118a are formed at specific sites for
holding the stopper 115, 150. A method in which a suitable
adhesive agent is selected and coated to specific sites is ideal
for forming the weakly adhered layers 1154, 117a and the
strongly adhered layers 1164, 118a.

The adhesive agent for the strongly adhered layers 116a,
118a and the weakly adhered layers 1154, 1174 may be
optimally selected from among conventional agents accord-
ing to the material employed for the base plate 111A, cover
plate 113A and stopper 115, 150. In this case, the adhesive
force (adhesive strength) of the adhesive agent forming the
strongly adhered layers 116a, 118a must be stronger than the
adhesive force of the adhesive agent forming the weakly
adhered layers 115a, 117a. When the adhesive force of the
adhesive agent forming the strongly adhered layers 116a,
118a is less than the adhesive force of the adhesive agent
forming the weakly adhered layers 1154,1174, then it may
not be possible to move the stoppers 115,150 from the liquid
channel 112 into the concave section 151 or from the concave
section 152 to the liquid channel 112, or to hold the stoppers
115, 150 in place after moving, even when pressing on the
opening sections S11~S17 or the closing section T11. In such
cases, it becomes impossible to open or close the liquid chan-
nel 112.

It is preferable that the adhesive force of the adhesive agent
forming the strongly adhered layers 1164, 118a be 0.1 N/cm
or more greater than the adhesive force of the adhesive agent
forming the weakly adhered layers 1154, 1174, with a value
in the range of 0.1~30 N/cm being more preferred. When the
adhesive force of the adhesive agent forming the strongly
adhered layers 116a,118a is 0.1 N/cm or more than the adhe-
sive force of the adhesive agent forming the weakly adhered
layer 115a, 117a, the opening sections S11~S17 and the
closing section T11 can be operated with certainty.

On the other hand, when the difference in the adhesive
forces exceeds 30 N/cm, it becomes difficult to form the
adhesive layers.

For this reason, it is preferable to set the adhesive force of
the strongly adhered layer 1164, 118a to be in the range of
1~30 N/cm, and of the weakly adhered layers 1154, 1174 to
be in the range of 0.05~5 N/cm.

Examples of adhesive agents employed in the strongly
adhered layers 116a, 118a and the weakly adhered layers
115a, 117a which may be cited include acrylics, rubbers,
polyurethanes, polyesters, silicon based adhesive agent, and
the like. Among these, acrylic adhesive agents or rubber may
be used for the strongly adhered layers 116a, 118a. Further,
non-woven cloths or polyester fibers may be included as a
wick material. Acrylic adhesive agent or silicon-based adhe-
sive agents are preferably employed for the weakly adhered
layers 115a, 117a. In order to maintain the difference
between the adhesive force of the strongly adhered layers
116a, 118a and the weakly adhered layers 1154, 117a within
the above-described suitable range, methods may be cited
such as suitably adjusting the glass transition temperature of
the resin forming the various adhesive agents, including addi-
tives in the adhesive such as tackifiers, curing agents or wick
material, and adjusting the amount of these additives.

Note that the term “adhesive force” as employed here is
defined as the adhesive strength at 180° peeling from a stain-
less plate as specified in JIS Z 0237.

Next, in the second step, the stopper 115 is formed to part
of'the liquid channel 112 which was formed to the base plate
111A in the first step, i.e., the stopper 115 is formed to the
various positions where the opening sections S11~S17 are
provided. Additionally, from among the concavities 151,152
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formed in the cover plate 113 A in the first step, the stopper
150 is formed to the concave section 152 corresponding to the
closing section T11.

The formation of the stopper 115 is carried out using a
method which employs a coating device 124a such as a
printer, dispenser, coater (roll coater, knife coater) or the like,
to coat a stopper forming material for forming the stopper 115
to specific positions on the continuously supplied base plate
111.

The stopper 150 is also formed by a method in which the
stopper forming material is coated and filled in the concavity
152 using the above-mentioned coating device.

A resin composition having a viscosity in the range of
30~600 dPa's may be optimally employed as the stopper
forming material, for example. Further, it is preferable that a
resin composition having a viscosity in the above-cited range
does not include a solvent.

The type of resin component included in the resin compo-
sition is not particularly restricted, as long as it has excellent
coating properties (printability, dispensability, etc.), good
sealing ability, and stability when employed as the stopper,
and has a viscosity in the above range when employed as a
stopper forming material.

A suitable plastic component may be included in the resin
composition.

A filler may be included in the resin composition for adjust-
ing the viscosity of the stopper forming material. Examples
that may be cited include barium sulfate sediment, talc,
needle silicon oxide, hollow beads, etc. One or more of the
aforementioned may be employed.

A solvent is incorporated in order to adjust the viscosity of
the stopper forming material as necessary, and any suitable
organic solvent may be employed therefore.

By employing a method for coating the stopper formation
material using a printing, dispensing or coating method in this
way, the stoppers 115, 150 can be continuously formed to
specific sites with good efficiency.

After coating the stopper forming material to the respective
specific sites in this way, various steps not shown in the
figures, such as a heat drying step, curing step, etc. are carried
out as needed based on the composition of the stopper form-
ing material.

Next, in the third step, the surface of the cover plate 113A
onwhich the concavities 151,152 are formed is laminated and
adhered to the channel formation surface 112a of the base
plate 111A. Further, while it is desirable to adhere the base
plate 111 A and the sheet 113 A using an adhesive agent sup-
plied from an adhesive agent supplying device, not shown in
the figures, it is also acceptable, depending on the materials,
to attach the base plate 111 A and the sheet 113 A using heat
fusion, etc. Further, a sheet coated in advance with a binder or
adhesive agent may be employed.

As a result, it is possible for a plurality of liquid channel
devices 110 to produce a continuously linked body.

The thus-produced continuous body from the liquid chan-
nel device 110A may be wound as shown in FIG. 27 to form
aroll 127, or may be folded over. Further, it is also acceptable
to render the continuous body into separate sheet-type forms
by cutting each. In the case of the roll 127 or the folded forms,
it is acceptable to carry out a step in which a perforation or
concave-type line is formed in between the various liquid
channel devices 110A. As a result, folding over the continu-
ous body between the various liquid channel devices 110 A, or
bending the continuous bodies from the liquid channel device
110A become easy. In addition, it also becomes easy to cut
out separate sheet-type forms.
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Note that the above-described fiftth embodiment provides a
design in which the stoppers 115,150 are held at specific sites
in advance by the weakly adhered layers 1154, 117a ateach of
the various opening sections S11~S17 and the closing section
T11, and thereafter are moved as a result of pressing from the
liquid channel 112 to within concave section 151, or from the
concave section 152 into the liquid channel 112, and are held
at specific sites by the strongly adhered layers 116a, 118a.

However, the present invention is not limited to an embodi-
ment which employs a method utilizing the difference in
adhesive strengths to hold the stoppers 115,150 after moving
them to specific positions.

For example, if it is possible to maintain the stoppers 115,
150 tightly within the convex sections 151,152 by elastic
force, etc., when in the open mode by adjusting the shape and
material of the stoppers 115,150, the shape of the convex
sections 151,152, and the material of the lid plate 113A in
which the convex sections 151,152 are formed, then it is not
absolutely necessary to provide the weakly adhered layer
117a or the strongly adhered layer 116a within the convex
sections 151, 152.

Further, it is acceptable to form a pair of stopper rests
119a,1195 by creating a projection rising from the floor 1125
of the liquid channel 112 as shown in FIG. 28 for example,
these stopper rests 1194,1195 serving to maintain the stop-
pers 115,150 at specific sites in the liquid channel 112 with
certainty, so that the stoppers 115,150 do not move from this
location. When the stopper rests 119a, 1195 are formed from
an elastic member, then it is possible use the elastic force to
hold the stoppers 115,150 so that they do not deviate from the
specific sites in liquid channel 112.

In addition, as explained by the example of opening section
S11 in FIG. 29, it is also acceptable to employ a method in
which the shape of the stopper 115 when viewed in the planar
direction is made to be rhombohedral or the like, with the
maximum width W1 thereof set to be greater than the width
W2 of the liquid channel 112, and an engaging concavity for
engaging the ends in the width direction of the stopper 115 is
formed in the lateral walls of the liquid channel 112. Employ-
ing this method, the ends in the width direction of the stoppers
115,150 engage in the engaging concavity and do not deviate
from the specific sites by moving along the liquid channel 112
(i.e., in the vertical direction in the figure). Note that FIG. 29
shows an example of a stopper 115 that is rhombohedral in
shape when viewed in the planar direction. However, the
shape ofthe stopper when viewed in the planar direction is not
limited to arhomboid, provided that the stopper 115 is formed
to have a maximum width W that is larger than the width W2
of the liquid channel 112, and engaging concavities capable
of engaging the stopper 115 are formed in both walls of the
liquid channel.

In addition to providing the weakly adhered layers 115a,
117a and the strongly adhered layers 116a,118a, it is accept-
able to incorporate the provision of stopper rests 1194,1195,
form the stoppers 115,150 to have a rhombohedral shape in
planar view, etc., as a means for holding the stoppers 115,150.

Sixth Embodiment

The liquid channel device 110A according to the fifth
embodiment described above exemplified a cover plate 113A
having a two-layer design comprising an outer layer 1134 and
an inner layer 1135, and a base plate 111A having a three-
layer design comprising an outer layer 111a, middle layer
1114, and inner layer 111¢, with concave sections 151,152
formed in the cover plate 113A.
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In the sixth embodiment which follows, as shown in FIGS.
30~33, the cover plate 113 is made of one layer, while the base
plate 111B has a four-layer design including an outer layer
141a, outside middle layer 1415, inside middle layer 141c,
and inner layer 1414. Further, in this embodiment, the con-
cave sections 151, 152 are formed to the floor 1125 of the
liquid channel rather than to the cover plate 113.

As shown in FIG. 30, in the liquid channel device 110B of
this embodiment, the base plate 111B has a four-layer struc-
ture comprising an outer layer 141a, an outside middle layer
1415 which is laminated to the inside of the outer layer 1414,
aninside middle layer 141¢ which is laminated to the inside of
the outside middle layer 1415, and an inner layer 1414 which
is laminated to the inside of the inside middle layer 141c.

The top part (i.e., the portion of the liquid chamber on the
cover plate 113 side) of the liquid chambers (only sample
introduction chamber 114q and filtering chamber 1145 are
shown in FIG. 30) and the liquid channel 112 are formed to
the inside layer 1414.

The middle part (i.e., the portion other than the aforemen-
tioned top part and excluding the portion of the chamber on
the floor side) of the liquid chambers and the concave sections
151, 152 are formed to the inside middle layer 141c¢. The
surface of the inside middle layer 141¢ which is on the inner
layer 1414 side forms the floor 1125 of the liquid channel 112.

The bottom part (i.e., the portion of the floor side of the
liquid chamber, excluding the aforementioned top and middle
parts) of the liquid chambers are formed to the outside middle
layer 1415. The surface of the outside middle layer 1415
which is on the inside middle layer 141c¢ side forms the floor
of the concave sections 151, 152.

The outer layer 141a is disposed to the outermost side of
the base plate 111B, and the surface of the outer layer 1414 on
the outside middle layer 1415 side forms the floor of the liquid
chambers.

The cover plate 113 is formed of only one layer.

As exemplified by S11 and S12 in FIG. 30, the opening
sections S11~S17 in this liquid channel device 110B are
provided with a resin stopper 115 inside the liquid channel
112, the stopper 115 being designed to stop the flow of liquid
when disposed so as to cover a portion of the liquid channel
112, thereby closing this portion of the liquid channel. A
concave section 151 capable of housing the stopper 115 is
formed to a position opposite the stopper 115 on the floor
1124 of the liquid channel 112.

As shown in the enlarged view in FIG. 31A, when in the
closed mode, the portion (top part) of the stopper 115 of this
embodiment which is in contact with the cover plate 113 is
fixed in place to the inner surface of the cover plate 113 by the
weakly adhered layer 115a. The height of the stopper 115 is
formed to be slightly greater than the height of the liquid
channel, with the floor 115¢ side disposed so as to engage
inside the concave section 151 in a more or less watertight
fashion.

By external pressing on the floor 11254 of the liquid channel
112 or the cover plate 113 A in the area where the opening
sections S11, S12 are provided, the stopper 115 moves from
the liquid channel 112 into the concave section 151, thereby
opening the liquid channel 112 from closed mode.

Specifically, as shown by the example of opening section
S1 in FIG. 32A and FIG. 32B, when an external load is
applied to the cover plate 113 by pressing as shown by arrow
C, the cover plate 113 bends as shown by FIG. 32A. The
strongly adhered layer 116a of the concave section 151 and
the floor 115¢ of the stopper 115 contact and adhere. When
the load is subsequently removed, then, as shown in F1G. 32B,
the cover plate 113 returns to its original state due to its
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restorative force. In this case, the stopper 115 is maintained in
the housed state within the concave section 151 due to the
action of the strongly adhered layer 116a. As a result, the
stopper 115 moves away from the cover plate 113 accompa-
nying the restoration of the cover plate 113, enabling flow of
the liquid.

In this type of opening sections S11~S17, an external load
is applied by pressing on the cover plate 113 in the area of
provision of the opening sections S11~S17. When the load is
then removed by means of a subsequent pressing operation,
the stopper 115 moves from the liquid channel 112 into the
concave section 151, thereby opening that portion of the
liquid channel from the closed mode.

Note that in FIG. 32A and FIG. 32B, a load was applied to
the cover plate 113 by external pressing, however, it is also
possible to move the stopper 115 from the liquid channel 112
into the concave section 151 by external pressing on the floor
1124 of the liquid channel 112 in the area of provision of the
opening section S11, i.e., by external pressing on the base
plate 111B.

The closing section T11 of this liquid channel device 110B
is provided with a resin stopper 150 as shown in FIG. 31B.
This stopper 150 is housed within the concave section 152
which is formed to the floor 1125 of the liquid channel 112.
Specifically, the concave section 152 is formed by knocking
out an opening in the inside middle layer 141c¢ of the base
plate 111B, and the stopper 150 is housed therein.

When in the open state, the floor of the stopper 150 of this
embodiment adheres to the concave section 152 due to the
weakly adhered layer 117« and is housed within the concave
section 152. The height of the stopper 150 is formed to be
slightly greater than the height of the liquid channel 112.
When closing the liquid channel 112 as explained below, the
floor side of the stopper 150 engages in a more or less water-
tight manner inside the concave section 152.

The strongly adhered layer 118a is formed on the inner
surface of the cover plate 113, at a position that is opposite the
top part of the stopper 150.

The stopper 150 moves from within the concave section
152 into the liquid channel 112 due to external pressing on the
floor 1125 of the liquid channel 112 or the cover plate 113 in
the area of provision of the closing section T11, thereby
closing the liquid channel 112 from the open mode.

Specifically, as shown in FIG. 33A and FIG. 33B, when an
external load is applied to the cover plate 113 by pressing as
shown by arrow D, the cover plate 113 bends as shown by
FIG. 33A. The strongly adhered layer 118a of the cover plate
113 and the top part of the stopper 150 contact and adhere.
When the load is subsequently removed, then, as shown in
FIG. 33B, the cover plate 113 returns to its original state due
to its restorative force. In this case, the stopper 150 is main-
tained in the housed state within the cover plate 113 due to the
action of the strongly adhered layer 118a. As a result, the
stopper 150 moves from the concave section 152 into the
liquid channel 112. The liquid channel 112 is thus closed by
the stopper 150, so that liquid can no longer flow through this
area.

In this type of closing section T11, an external load is
applied by pressing on the cover plate 113 in the area of
provision of the closing section T11. When the load is then
removed by means of a subsequent pressing operation, the
stopper 150 moves from the concave section 152 into the
liquid channel, thereby closing that portion of the liquid chan-
nel 112 from the open mode.

Note that in FIG. 33A and FIG. 33B, a load was applied to
the cover plate 113 by external pressing, however, it is also
possible to move the stopper 150 from the liquid channel 112
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by external pressing on the floor 1125 of the liquid channel
112 in the area of provision of the closing section T11, i.e., by
external pressing on the base plate 111B.

This liquid channel device 110B of this embodiment can be
produced by a method provided with a first step of forming
the liquid channel 112, the liquid chambers, and the concave
sections 151, 152 to the base plate 111B; a second step of
forming the stopper 115 which forms the opening sections
S11~S17 to the inner surface of the cover plate 113 in the area
of provision of the opening sections S11~S17, and forming
the stopper 150 which forms the closing section T11 to the
inside of the concave section 152 corresponding to the closing
section T11; and a third step of laminating the surface of the
cover plate 113 where the stopper 115 is formed to the chan-
nel formation surface 112a which is on the side of base plate
111 where the liquid channel 112, etc. is formed.

In the first step, as shown in FIG. 34, a roll 128 of sheet
1414" which forms the inner layer 141d of the base plate
111B, a roll 129 of sheet 141¢' which forms the inside middle
layer 141c, a roll 130 of sheet 1415' which forms the outside
middle layer 1415, and a roll 131 of sheet 141" which forms
the outer layer 141a, are prepared.

Next, the sheet 1414 is continuously supplied from roll
128 of sheet 141d" forming the inner layer 141d, and a die-
cutter 123¢ is used to punch out a linear form at the site
corresponding to the liquid channel 112, and punch out a hole
atthe area corresponding to the top part of metering chamber
114¢ and the other various liquid chambers.

Next, the sheet 141¢' is continuously supplied from roll the
129 of the sheet 141¢' forming the inside middle layer 141c,
and a die-cutter 1235 is employed to punch out holes at the
sites corresponding to the middle part of the metering cham-
ber 114¢ and the other various liquid chambers, and to punch
out area corresponding to the concave sections 151, 152.

Next, the sheet 1415 is continuously supplied from roll
130 of sheet 1414' forming the outside middle layer 1415.
Next, a die-cutter 123¢ is employed to punch out holes at the
sites corresponding to the bottom part of the metering cham-
ber 114¢ and the other various liquid chambers.

Next, the sheet 1414 is continuously supplied from roll
131 of sheet 1414’ forming the outer layer 141a, and the
various sheets 141q', 1415', 141¢', 141d"' area sequentially
laminated, to produce the base plate 111B.

Here, it is preferable that the various sheets 1414', 1415',
141¢' and 1414 be adhered together by means of an adhesive
supplied from an adhesive supplying device not shown in the
figures. However, depending on the material of the various
sheets 141a', 1415, 141¢' and 1414, it is also acceptable to
attach the sheets together using heat fusion or the like. In
addition, it is also acceptable to employ a sheet coated in
advance with an adhesive or the like.

Next, prior to carrying out the second step, as in the case of
the fifth embodiment, an adhesive layer formation step, not
shown in the figures, is carried out in which the weakly
adhered layers 115a, 117a and the strongly adhered layers
116a, 118a forholding the stopper 115 and 150, are formed at
specific sites for holding the stoppers 115, 150.

Next, in the second step, the sheet 113' is continuously
supplied from the roll 132 of the sheet 113' for forming the
cover plate 113, and the stopper 115 is formed to the inner
surface of the cover plate 113 so as to correspond to the
position of the opening sections S11~S17. From among the
concave sections 151, 152 which are formed to the floor 1126
of the liquid channel 112 in the first step, the stopper 150 is
formed to the inside of the concave section 152 forming the
closing section T11.



US 9,283,561 B2

49

As explained in the fifth embodiment, the formation of the
stopper 115 is optimally carried out using a method in which
a stopper forming material for forming the stopper 115 is
coated using a coating device 124a such as a printer, dis-
penser, coater (roll coater, knife coater) or the like. The for-
mation of the stopper 150 is ideally carried out using a method
in which the coating device 124a is used to coat the stopper
forming material to the inside of the concave section 152
which is formed to a continuously supplied base plate 111B.

The materials exemplified in the fifth embodiment are ide-
ally employed as the stopper forming material here.

Next, in the third step, the inner surface of the cover plate
113, i.e., the surface on which the stopper 115 is formed is
laminated and adhered to the channel formation surface 1124
of'the base plate 111B. Here, it is preferable that the base plate
111B and the cover plate 113 be adhered together by means of
an adhesive supplied from an adhesive supplying device not
shown in the figures. However, depending on the material of
the base plate 111B and the cover plate 113, it is also accept-
able to attach these together using heat fusion or the like. In
addition, it is also acceptable to employ a sheet coated in
advance with an adhesive or the like. As a result, it is possible
to produce a continuous body in which a plurality of liquid
channel devices 110B are continuously linked.

The thus-produced continuous body from the liquid chan-
nel device 110B may be wound in the same manner as in the
fifth embodiment to form a roll 133, or may be folded over.
Further, it is also acceptable to render the continuous body
into separate sheet-type forms by cutting each. It is acceptable
to carry out a step in which a perforation or concave-type line
is formed in between the various liquid channel devices 110B.

As in the case of the fifth embodiment, in this embodiment,
ifitis possible to maintain the stoppers 115,150 tightly within
the convex sections 151,152 due to elastic force, etc., when in
open mode by adjusting the shape and material ofthe stoppers
115,150, the shape of the convex sections 151,152, and the
material of the base plate 111B in which the convex sections
151,152 are formed, then it is not absolutely necessary to
provide the weakly adhered layer 117a or the strongly
adhered layer 1164 within the convex sections 151, 152.

As in the case of the fifth embodiment, a pair of stopper
rests 119a, 1195 may be formed for holding the stoppers
115,150.

Further, it is acceptable for the ends of the stoppers 115,150
in the width direction to engage in engaging concavities when
in the closed mode, so that the stoppers 115,150 do not devi-
ate from the specific sites along the liquid channel 112 (i.e.,
deviate in the vertical direction in the figure).

It is also acceptable to employ these means in combination.

In the liquid channel devices 110, 110A, 110B exemplified
in the fourth through sixth embodiments above, the liquid
channel 112 was formed to only one surface of the base plate
111A, 111B. However, it is also acceptable to form the liquid
channel 112 to both surfaces of the base plate 111A, 111B.

Further, there are no limitations on the form of the opening/
closing communicating holes which are provided as needed
to the various liquid chambers. For example, an embodiment
is acceptable in which the communicating holes can be
opened or closed by detachment or attachment of a cap
capable of engaging with the communicating hole formed in
the cover lid 113, 113 A. Moreover, opening and closing sec-
tions of an equivalent design as the opening sections S11~S17
and the closing section T11 which are provided to the liquid
channel 112 may be provided to the communicating holes.

A liquid transport section may be provided as necessary to
the various liquid chambers. As a specific design for the liquid
transport section, an arrangement may be cited in which
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external pressing is applied to the floor of the liquid chamber
orto the cover plate 113 in the area corresponding to the liquid
chamber, causing the internal capacity of the liquid chamber
to decrease and expelling the liquid inside the liquid chamber,
thereby transporting the liquid downstream. A reverse flow
check such as a dam or the like is ideally provided to the liquid
chamber which is provided with this type of liquid transport
section, for checking the reverse flow of the liquid upstream.

The preceding example disclosed an embodiment in which
the action of gravity was employed to move the liquid. How-
ever, it is also acceptable to employ centrifugal force. For
example, the liquid channel devices 110, 110A, 110B may be
set in a centrifuge so that the sample introduction chamber
114a side thereof is positioned on the side of the rotational
center, and the measuring chamber 114 side thereof is posi-
tioned on the external periphery of the rotation. The liquid
channel devices 110, 110A, 110B are then rotated so that the
centrifugal force acts from upstream to downstream, with the
liquid flowing as a result.

In addition, when rotating the liquid channel devices 110,
110A, 110B and utilizing centrifugal force to cause the liquid
to flow in this way, a pressure disk may be employed for the
various pressing operations to activate the opening sections
S11~S17 and closing section T11. This pressure disk applies
pressure at specific sites while moving in the radial direction
of rotation over the surface of the cover plates 113,113A of
the liquid channel devices 110, 110A, 110B, from the center
of rotation to the outer periphery of rotation.

Inaddition to moving the liquid using gravity or centrifugal
force, it is also acceptable to move and cause the liquid to flow
by incorporating a method in which the liquid channel 112, a
portion of the liquid chambers, or both are heated to expand
the air in the liquid channel 112 or liquid chambers, or a
method in which an oxygen absorbing agent (readily oxidiz-
able iron powder for example) is sealed into part of the liquid
channel 112 to absorb the oxygen and decrease the pressure
inside the liquid channel 112.

In the preceding discussion, the method of piercing the
cover plate 113,113A with a syringe was exemplified as a
method for injecting a sample into the sample introduction
chamber 114a. However, it is also acceptable to form a
sample injection hole in the cover plates 113,113 A in advance
and inject the samples via these holes. In this case, a protec-
tive tape may be used to cover the sample injection hole, with
the injection carried out by piercing the protective tape with
the syringe. Alternatively, it is also acceptable to peel off the
protective tape and then carry out the injection by introducing
the syringe into the sample injection hole.

The sample and reagent that flow through the liquid chan-
nel devices 110, 110A, 110B are not particularly restricted.
Samples and reagents which are conventionally employed in
the medical and environmental fields as well as others, may be
suitably combined in use.

For example, in the medical field, such biological deriva-
tives as blood (whole blood), serum, plasma, buffy coat,
urine, stercus, saliva, sputum or the like, as well as viruses, or
bacterial, mold, yeast, or plant cells, may be cited. It is also
acceptable to employ DNA or RNA isolated from these prod-
ucts. Alternatively, it is also acceptable to employ as a sample
the products obtained by performing any kind of pre-treat-
ment or dilution on the preceding.

The liquid channel devices 110, 110A, 110B are provided
with a filtering chamber 1145 downstream from the sample
introduction chamber 114a, for filtering the sample which
flows from the sample introduction chamber 114a. Thus, by
employing a liquid channel device 110, 110A, 110B of this
sort, a sample which previously would have required filtering
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in a separate filtering device can be supplied into the sample
introduction chamber 114q of the liquid channel device 110,
110A, 110B without filtering.

The reagent is not particularly restricted, and may be suit-
ably selected in response to the target components. In the case
where capturing and analyzing for the presence of an antigen
in the sample using the antibody-antigen reaction, it is pref-
erable to use a reagent which includes an antibody to the
antigen.

Note that the preceding example disclosed an embodiment
in which the antigen was captured by the antibody by pre-
filling the first reagent chamber 114e and the second reagent
chamber 114g with a reagent containing an antibody, and then
mixing these reagents with the sample containing the antigen
in the first mixing chamber 114f'and second mixing chamber
114/. However, the arrangement for capturing the antigen
with the antibody is not limited to this embodiment. For
example, magnetic beads carrying the antibody or antigen
may be fixed in the liquid chambers or along the liquid chan-
nel of the liquid channel device 110, 110A, 110B, and the
sample may be made to flow through this area, so that the
antigens in the same are captured on the antibodies. Next, a
suitable reagent may be introduced into the sample introduc-
tion chamber 114a via syringe, with the liquid transport sec-
tion employed as needed, and the thus-captured antigens then
washed, denatured, multiplied (concentrated), and separated
to increase the accuracy of analysis.

The reactions carried out in the liquid channel devices 110,
110A, 110B are not limited to antibody-antigen reactions.
Rather, a variety of chemical reactions, DNA amplifying PCR
(polymerase chain reaction), and DNA and other protein cap-
turing reactions can be carried out. It is also acceptable to
combine a plurality of reactions, or to carry out only a mixing
treatment in the liquid channel device 110. Namely, no reac-
tion may be carried out. Thus, there is no limitation on the
method of use of the liquid channel device 110, 110A, 110B.

In order to promote these various reactions and promote
flow of the liquid, these treatments can be carried out in the
liquid channel 112 or the liquid chambers. For example,
chemical treatments using acid or alkali, physical treatments
using latex or fluorescent substances, and biochemical treat-
ments using antigens, antibodies, DNA or the like, can be
carried out to obtain such surface treatment effects as hydro-
philic, lipophilic and water repellency treatments. In addition,
it is also acceptable to carry out pigment coating treatments,
plasma treatments, frame treatments and the like. Further, it is
acceptable to provide a baffle plate, stirring plate or projec-
tions, or to form a hydrolyzing profile, as necessary to the
liquid channel 112, to create a uniform mixing state for the
flowing liquid. Further, the inside of the liquid channel 112 or
the chambers may be pressurized or subjected to reduced
pressure (vacuum treatment).

Further, colorants, pigments, fluorescent agents and the
like may be introduced to the suitable liquid chamber,
enabling the sample which reaches the chamber to be colored,
or fluorescence to be added to the sample.

It is also acceptable to directly print the liquid chamber
name (“metering chamber” for example), the order or details
of'the procedure which is carried out using these liquid cham-
ber devices 110, 110A, 110B, etc. as needed to optional sites
on the base plates 111, 111A, 111B, liquid chambers, liquid
channel 112, or cover plates 113, 113 A of the liquid channel
device 110, 110A, 110B. Alternatively, a display seal printed
with the order or details of the procedure, chamber name, etc.
may be adhered or a marking with any kind of symbol may be
provided. It is also acceptable to render a portion of the cover
plate 113, 113 A transparent, so that area stands out.
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A conventionally known optical or electrical means may be
employed as the detecting and analyzing section for the mea-
sured liquid that is formulated in the liquid channel devices
110,110A, 110B. In this case, the liquid channel devices 110,
110A, 110B may be heated or cooled as necessary.

EXPLANATION OF SYMBOLS

10A, 10B liquid channel device
11A, 11B base plate

11e outer layer

11 middle layer

11g inner layer

12 liquid channel

12a channel formation surface

13 cover plate

13aq first base layer

135 strongly adhered layer

13¢ second base layer

13d weakly adhered layer

14¢ metering chamber

15 first convex section

15a top part of first convex section
16 second convex section

164 top part of second convex section
17 spacer

18 dam plate

S1~S14 opening section

T1~T2 closing section

P1~P5, P1' liquid transport section
G1~G6 reverse flow check

110, 110A, 110B liquid channel device
111, 111A, 111B base plate

111a, 141a outer layer of base plate
1115 middle layer of base plate
111c¢, 141d inner layer of base plate
1415 middle layer on outside of base plate
141¢ middle layer on inside of base plate
112 liquid channel

1124 channel formation surface

113, 113 A cover plate

113a outer layer of cover plate

11354 inner layer of cover plate
S11~S17 opening section

T11 closing section

115, 150 stopper

116 sealing material supply chamber
130 sealing material

151, 152 concave section

The invention claimed is:

1. A liquid channel device including a base plate in which
aliquid channel through which a liquid flows and one or more
liquid chambers for holding the liquid are formed to at least
one surface thereof, and a cover plate which is laminated to
the channel formation surface in which the liquid channel and
the liquid chambers of the base plate are formed;

wherein the liquid channel device further includes an open-

ing section for opening a portion of the liquid channel
from a closed mode;

the opening section includes a stopper which is disposed to

a portion of the liquid channel, and undergoes plastic
deformation by means of external pressing on the cover
plate or a floor of the liquid channel, thereby placing the
liquid channel in an open mode, and

the stopper is formed by coating a stopper forming material

for forming the stopper to a portion of the liquid channel,
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and the stopper forming material includes hollow beads
which are deformed and broken by subjecting to press-
ing.

2. The liquid channel device according to claim 1, wherein

a portion of the cover plate or the floor of the liquid channel
that is in contact with the stopper is subjected to a releasing
treatment.

3. A method for producing the liquid channel device

according to claim 1 or 2, including:

a first step of forming the liquid chambers and the liquid
channel to the base plate;

a second step of forming the stopper to a portion of the
liquid channel by coating a stopper forming material for
forming the stopper to a portion of the liquid channel, the
stopper forming material includes hollow beads which
are deformed and broken by subjecting to pressing;

a third step of laminating the cover plate to the channel
formation surface of the base plate; and

in the first step, a top part of the liquid chambers and the
liquid channel are formed to a sheet which forms an
inner layer of the base plate, and a bottom part of the
liquid chambers is formed to a sheet which forms a
middle layer of the base plate, after which the sheet
forming the inner layer, the sheet forming the middle
layer and a sheet forming an outer layer of the base plate
are laminated sequentially.
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